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Acronyms  vs.  Nomenclature 
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Nomenclature 

Acronym 

Description 

C-10716(  ) / TRC 

OCU-1 

Orderwire  Control  Unit  -  1 

C— 10  7 1 7 (  ) / TRC 

OCU-2 

Orderwire  Control  Unit  -  2 

KD-1023C  )/ G 

LSCDM 

Low  Speed  Cable  Driver  Modem 

MD-1024C  )/G 

HSCDM 

High  Speed  Cable  Driver  Modem 

MD-]025(  )/G 

RLGM/CD 

RLGM  Cable  Driver 

MD-1026C  ) (P)/G 

GM 

Group  Modem 

MD-1065C  )(P)/G 

103  MOD 

AN/GRC-103  Radio  Modem 

TD-1218C  )/G 

L3PR 

Low  Speed  Pulse  Restorer 

TD-1219(  )/G 

HSPR 

High  Speed  Pulse  Restorer 

TD- 1233 (  )/TTC 

RLGM 

Remote  Loop  Group  Multiplexer 

TD-1234(  )/TTC 

RMC 

Remote  Multiplexer  Combiner 

TD-1235 (  )/TTC 

LGM 

Loop  Group  Multiplexer 

TD-1236(  )/G 

TGM 

Trunk  Group  Multiplexer 

TD-1?.37(  )/G 

MGM 

Master  Group  Multiplexer 

TS~36-»7(  )/G 

COU 

Cable  Orderwire  Unit 

¥. 
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NOTICE 


The  Final  Type  Technical  Report  (CDRL  G037)  on  the  DGM  equipment  is  an 
update  of  the  Design  Plan  Document  (CDRL  B019).  All  future  tense  sentences 
which  were  used  ir  the  Design  Plan  should  have  been  changed  to  present  or  past 
cense.  There  is  a  chance,  however,  that  not  all  of  the  tense  changes  were 
caught  during  review.  In  actual  fact  the  equipment  design  is  complete  and  this 
notice  is  incorporated  to  alert  the  reader  to  possible  incorrect  tense  usage. 
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SECTION  1 

V  SUMMARY 

V 

This  report  describes  the  work  done  on  the  Digital  Group  Multiplex 
family  of  equipments.  This  family  of  equipments  is  a  component  of  the 
TRI-TAC  system  and  works  with  the  TRI-TAC  switch,  AN/TTC-39;  the 
Communications  Nodal  Control  Element,  AN/TSQ-111;  and  a  number  of 
inventory  ATACS  equipments. 

The  equipment  is  designed  in  accordance  with  the  specification 
TT-B 1-2202-001 3A  and  subsidiary  specifications  referenced  therein.  One 
of  those  specifications  is  unique  to  the  DGM  family:  EL-CP0163-0001,  the 
TEMPEST  requirement. 

In  this  report,  the  system  design,  electrical  design,  and  mechanical 
design  is  discussed.  EMI  design  is  included  in  both  electrical  and  mechani¬ 
cal  sections.  Reference  is  made  to  other  data  items  that  cover  maintain¬ 
ability,  reliability,  and  nuclear  designs. 
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SECTION  2 
SYSTEM  DESIGN 

The  most  far  reaching  system  problem  is  the  orderwire.  In  this  section 
calculations  are  presented  which  justify  the  choice  of  orderwire  concepts.  The 
unit  design  sections  following  then  carry  these  concepts  into  the  affected  equip¬ 
ments.  Some  aspects  of  interunit  timing  are  also  discussed  in  the  system  sec¬ 
tion.  The  final  telemetry  concept  is  discussed.  Framing  coordination  is  common 
to  all  units  and  is  also  presented  here. 

2.  1  DIPHASE  GROUP  MODEM  ORDERWIRE  DESIGN 

The  diphase  group  modem  is  required  to  carry  traffic  on  CX- 11230  cable 
at  14  different  rates  plus  a  secure  voice  orderwire  plus  2  kb/s  telemetry  at 
rates  of  256  kb/s  and  above.  This  section  addresses  the  means  by  which  these 
signals  are  to  share  the  same  cables.  An  analog  orderwire  can  replace  the  secure 
voice  orderwire  and  telemetry. 

2.1.1  DESIGN  GOALS  AND  REQUIREMENTS 

The  GM  handles  traffic  at  rates  from  72  to  4608  kb/s.  The  distance 
over  which  it  must  transmit  depends  on  the  rate  as  follows: 

Rate  (kb/s)  Maximum  Distance  (miles) 

Up  to  576  2 

1024  to  2304  1 

4096  and  4608  1/2 

The  secure  orderwire  was  either  the  VINSON  at  16  kb/s  or  the  PARKHILL 
with  a  300  to  2700  cps  band.  The  same  channel  can  also  handle  an  unsecure 
analog  maintenance  orderwire.  It  is  desirable  that  the  maintenance  orderwire 
use  only  passive  circuitry  in  the  GM.  This  can  be  done  if  the  maintenance 
orderwire  is  put  on  the  cable  without  modulation. 
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2.  1.  2  DESIGN  APPFOACH 

The  original  specification  requirements  for  a  line  rate  equal  to  the  traffic 
rate  implied  the  use  of  Frequency  Division  Multiplex  (FDM)  techniques  to  add  the 
orderwire  and  telemetry  signals  to  the  traffic  signal.  The  FDM  approach  was 
analyzed  at  great  length  using  computer  techniques  and  found  to  be  inadequate. 

It  was  not  possible  to  provide  secure  orderwire  and  telemetry  below  a  traffic 
rate  of  512  kb/s.  Even  at  that  rate,  a  considerable  technical  risk  in  the  per¬ 
formance  of  actual  modem  circuitry  remained.  The  results  of  this  analysis 
are  presented  in  paragraph  2.  1.  3  below. 

In  an  effort  to  eliminate  the  traffic  rate  restriction,  three  other  alter¬ 
natives  were  considered: 

a.  Time  Divisior  Multiplexing  (TDM)  -  This  would  put  the  16  and 
2  kb/s  signals  in  the  traffic  bit  stream.  The  line  rate  would  then  be  nigher 
than  the  traffic  rate.  The  lowest  line  rate  would  be  640  kb/s,  thus  providing 
sufficient  frequency  space  for  the  analog  orderwire  to  be  added  at  baseband 
using  FDM  techniques.  The  analog  orderwire  could  be  either  a  secure 
PARKHILL  system  orderwire  or  an  unsecure  maintenance  orderwire.  To  be 
precise,  this  is  a  hybrid  TDM /FDM  system,  but  will  be  referred  to  subse¬ 
quently  as  a  TDM  system  for  simplicity. 

The  TDM  approach  can  be  adapted  to  use  with  equipments  not 
having  a  system  orderwire  or  telemetry.  To  do  this,  each  traffic  rate  has  two 
line  rates.  The  higher  rate  provides  system  orderwire  and  telemetry  using 
TDM.  The  lower  rate  is  equal  to  the  traffic  rate,  and  provides  only  a  main¬ 
tenance  orderwire.  All  traffic  rates  from  72  to  4608  kb/s  will  be  handled 
this  way. 

b.  Space  Division  Multiplexing  -  If  the  oraerwires  were  put  on 
WF-lb  field  wire  laid  along  side  the  CX-  11230,  there  would  be  no  interference 
problems.  Laying  the  field  wire  at  the  same  time  as  the  cable  svouid  seem 

to  be  no  great  problem,  but  this  scheme  has  not  generated  much  enthusiasm. 
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c.  Multi -Sampling  -  The  low  rates  could  be  built  up  to  some 
fixed  high  rate,  say  2048  mb/s,  and  the  higher  rates  sent  unmodified.  This 
limits  the  distance  to  one  mile  from  72  to  2304  mb/s,  and  also  suffers  from 
ar.  unacceptable  increase  in  line  rate  similar  to  the  TDM  approach. 

d.  Change  of  Requirements  -  The  FDM  approach  can  be  maci  to 

v  if  the  requirements  are  changed.  Tne  new  FDM  approach  is  based  or  the 
present  requirements: 

For  rates  at  and  above  256  kb/s  -  16  kb/s  secure  voice  plus 
2  kb/s  telemetry  or  analog  maintenance  order  wire. 

For  rates  from  72  to  288  kb/s  -  Analog  maintenance  orcer 
wire  only. 

2.  1.  5  DETAILED  DESIGN  DESCRIPTION 

2.  I.  5.  1  FDM  Calculations,  Original  Requirements 

.n  this  section,  we  will  determine  the  signal  to  interference  require¬ 
ments,  the  telemetry  carrier  frequency,  filter  performance,  minimum  traffic 
rate,  and  guidelines  for  setting  the  relative  levels  of  the  three  signals.  Since 
all  quantities  interact,  we  must  approach  the  problem  by  assuming  one  or  more 
quantities,  calculating  the  others  and  seeing  if  the  system  will  work  with  the 
original  assumptions.  If  not,  the  original  assumptions  are  changed  and  the 
ca . dilations  repeated.  The  calculations  given  here  are  the  result  of  several 
iterations  of  this  process. 

Figure  2-1  shows  a  block  diagram  of  the  signal  paths  in  the  GM.  The 
order  wire  signal  passes  through  two  low  pass  filters,  assumed  identical.  High 
paes  filtering  in  this  path  is  assumed  to  have  negligible  effect.  The  telemetry 
signal  is  modulated  on  the  carrier  and  then  put  through  two  band  pass  filters. 
Again  there  will  be  negligible  high  pass  filtering.  The  traffic  is  put  through 
wo  rich  pass  filters.  Furthermore,  the  cable  plus  cable  equalizer  acts  as 
a  low  pass  filter  to  the  traffic. 

Let  us  assume  the  bandwidths  of  the  low  pass  filtering,  and  get  from 
tr.a:  we  eye  degradation  of  the  orderwire  and  telemetry.  The  orderwire  low 
pass  niter  is  assumed  to  have  a  3  dB  point  at  /2  times  its  bit  rate. 
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22.  63  kHz.  The  telemetry  band  pass  filter  is  assumed  to  have  3  dB  points 
at  2/2  times  its  bit  rate,  or  5.66  kHz.  This  gives  similar  eye  patterns. 
The  size  of  the  eye  pattern  after  two  identical  low  pass  filters  is  given  in 
Figure  2-2.  At  the  bandwidths  chosen,  the  degradation  with  respect  to  the 
peak  signal  is  about  1  dB  for  either  three  or  four  pole  filters. 
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Figure  2-1.  Signal  Paths  in  GM,  FDM  Approa.h,  Original  Requirements 


Let  us  calculate  the  minimum  value  of  signal  to  interference  ratio  that 
the  filtering  must  provide.  We  assume  that  the  total  peak  interference  most 
be  at  least  3  dB  below  the  eye  opening.  This  means  that  the  total  peak  inter¬ 
ference  must  be  at  least  4  dB  below  the  peak  signal  of  both  the  orderwire  and 
the  telemetry.  Each  of  the  three  signals  on  the  line  receives  interference 
from  the  other  two.  We  assume  that  the  allowance  should  be  divided  equally, 
so  any  one  should  be  6  dB  below  the  total  (peak  addition).  Therefore,  any¬ 
one  interference  should  be  at  least  10  dB  below  the  peak  signal. 

There  is  no  assurance  that  this  allowance  is  enough  to  work  with 
actual  modems  until  well  along  in  the  breadboard  phase.  Therefore,  the 
system  designer  will  plan  to  give  better  performance  —herever  possible. 

A  more  desirable  figure  would  be  20  dB. 

Let  us  now  set  the  telemetry  carrier  frequency  and  the  number  of  poles 
in  the  orderwire  and  telemetry  filters.  From  previous  iterations  it  is  known 
that  the  choice  of  telemetry  carrier  frequency  is  not  the  limiting  factor  in 


2-4 


'igure  2-2.  Eye  Degradation  By  Two  Low-Pass  Filters 


RAYTHEON  COMPANY 

fRAYTHEONJ 

EQUIPMENT  DIVISION 

the  overall  modem  performance,  therefore  we  can  allow  ourselves  to 
set  the  frequency  on  the  basis  of  20  dB  signal-to-noise  ratio,. 

The  carrier  frequency  is  set  by  examining  the  interference  between 
orderwire  and  telemetry.  Figure  2-3  shows  the  interference  from  the  order- 
wire  to  the  telemetry  as  a  function  of  the  carrier  frequency.  The  number  of 
poles  in  the  carrier  filter  is  a  parameter.  All  frequencies  are  normalized 
to  the  bit  rate  of  the  orderwire.  We  obtain  the  following  results: 


{  (kHz) 

Atten  (dB) 

3  Pole 

Atten  (dB) 

4  Pole 

24 

15 

15 

28 

27 

35 

32 

37 

40 

36 

37 

39 

40 

32 

33 

Note  that  over  most  of  this  range,  there  is  very  little  advantage  in 
using  a  four  pole  filter.  Therefore,  we  choose  a  three  pole  band  pass  filter. 

Figure  2-4  shows  the  interference  from  the  telemetry  to  the  orderwire 
as  a  function  of  carrier  frequency.  The  number  of  poles  in  the  low  pass 
filter  is  a  parameter.  All  frequencies  are  normalized  to  the  bit  rate  of  the 
telemetry.  We  obtain  the  following  results: 


fQ  (kHz) 

Atten  (dB) 

3  Pole 

Atten  (dB) 

4  Pole 

24 

5 

3 

28 

6 

8 

32 

8 

16 

36 

11 

25 

40 

14 

31 

Note  that  above  28  kHz,  there  is  considerable  advantage  in  using  a 
four  pole  filter.  Therefore,  we  choose  a  four  pole  low  pass  filter. 
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One  of  the  parameters  we  have  at  our  command  is  the  relative  level 
of  the  signals.  Therefore,  the  easiest  way  to  determine  the  carrier  frequency 
is  to  set  a  limit  on  the  sum  of  the  attenuations  from  the  telemetry  to  the 
orderwire  and  from  the  orderwire  to  the  telemetry.  Afcerwards,  the  levels 
can  be  adjusted  to  equalize  performance.  The  minimum  value  for  this  sum 
is  20  dB,  but  the  desired  value  is  40  dB.  The  sum  is: 


f  (kHz) 

Sum  of  Attenuations  (dB) 

24 

18 

28 

35 

32 

53 

36 

o2 

40 

68 

If  we  are  to  be  precise,  we  should,  at  this  point,  correct  the  sum  of  the 
attenuations  to  allow  for  the  effect  of  varying  cable  lengths,  which  changes 
the  relative  received  levels  given  fixed  transmit  levels.  However,  from 
previous  iterations,  it  is  known  that  this  correction  is  about  1  dB,  and  the 
\ariable  length  effect  must  be  controlled  by  the  interferences  between  the 
orderwire  and  the  traffic  signals.  Therefore,  we  can  neglect  it  here.  We 
now  choose  the  carrier  frequency  as  32  kHz  because  it  gives  us  a  sum  above 
the  desired  40  dB.  We  remember,  however,  that  if  there  is  trouble  later 
with  the  telemetry  interfering  with  the  traffic,  we  can  cut  the  carrier  down 
to  28  kHz  and  still  have  a  fairly  conservative  design. 

Let  us  now  get  the  interaction  of  these  two  signals  with  the  traffic. 

This  will  set  the  minimum  traffic  rate.  We  must  now  assume  a  very  important 
parameter;  the  3  dB  frequency  of  the  high  pass  filter.  We  know  from  past 
iterations  that  if  this  frequency  is  not  set  rather  high,  there  will  not  be  a 
clean  enough  low  frequency  slot  for  any  telemetry  or  orderwire.  Setting  this 
fiequency  hi‘  h  causes  a  very  serious  degradation  of  the  traffic  eye.  Figure 
2-5  shows  the  degradation  of  the  eye  pattern  for  dual  high  pass  filters  and  a 
single  low  pass  filter.  The  low  pass  filter,  which  represents  the  cable  plus 
equalizer,  is  assumed  to  have  a  3  dB  frequency  of  twice  the  bit  rate,  if  this  is 
changed  to  fZ  times  the  bit  rate,  it  makes  very  little  difference. 
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A  three  pole  high  pass  filter  is  chosen,  and  three  bandwidths  are  carried 
through  the  following  calculations.  The  reason  for  this  is  the  degradation  is 
so  serious  that  the  ability  of  the  regenerator  to  handle  it  is  crucial.  This 
ability  will  be  known  later.  Let  us  carry  three  filter  values:  5  percent, 

7-1/2  percent,  and  10  percent  of  the  bit  rate.  This  gives  us  degradations 
of  5,  9-1/2,  and  '5-1/2  dB,  respectively.  Translated  into  the  signal-to- 
noise  allowance  for  one  interfering  source,  this  means  that  the  traffic  requires 
the  following  signal-to-noise  ratios: 


3  dB  F rcquency 
('T  of  Bit  Rate) 

S/N  in  Traffic 

Sum  of  Atten  (dB) 

5 

14 

24 

7-1/2 

18-1/2 

28-1/2 

10 

24-1/2 

34-1/2 

10  dB  is  added  to  get  the  sum  of  attenuations.  This  is  the  minimum 
allowed  in  either  the  orderwire  or  telemetry.  We  would  like  to  add  in  another 
10  dB,  but  this  is  the  crucial  case,  and  we  may  not  have  it  to  spare. 

From  previous  -'terations,  it  is  known  that  the  interference  between  the 
traffic  and  the  telemetry  is  not  the  Hm'Hng  case.  Therefore,  we  will  merely 
give  the  results  here. 


Traffic 
l kb ’ s i 

Sum  of  .  vttenuations,  Tim,  to  Traff.  +  Traff.  to  Tim. 

5%  Filter 

7-1/2L  Filter 

'  l OT.  Filter 

256 

35 

35 

39 

288 

37 

38 

430  5 

5  12 

51 

60 

72 

576 

55.  5 

62.  5 

80.  5 

1024 

84 

106.  5 

120 

1152 

9  3 

1 14.  5 

128 

This  shows  that  the  telemetry  will  permit  op*  ration  down  to  256  kb/s, 
even  if  the  telemetry  carrier  is  at  32  kHz. 
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Now  let  us  look  at  the  orderwire  to  traffic  interactions.  Figure  2-6 
shows  the  interference  from  the  telemetry  into  the  traffic.  The  frequencies 
are  normalized  to  the  orderwire  bit  rate.  We  have  already  chosen  a  three 
pole  filter.  We  obtain  the  following  res  '.Its : 


Traffic 

(kb/s) 

Attenuation 
(5%  Filter) 

Attenuation 
(7-1/2%  Filter) 

Attenuation 
(10%  Filter) 

256 

-1 

4 

7 

288 

0 

5 

9 

512 

7 

13.  5 

18.  5 

576 

9 

15.  5 

20.  5 

1024 

18.  5 

27 

33.  5 

1152 

20.  5 

29.  5 

36.  5 

Figure  2-7  shows  the  interference  from  the  traffic  to  the  orderwire. 
Three  pole  high  pass  filters  are  shown  at  5  percent,  7-1/2  percent,  and  ten 
percent  of  the  bit  rate.  All  frequencies  are  normalized  to  the  bit  rate.  The 
frequency  variable  on  the  abscissa  is  the  3  dB  point  of  the  low  pass  filter, 
which  appears  to  vary  because  of  this  normalization.  We  obtain  the  following 
results: 


Traffic 

(kb/s) 

Attenuation 
(5%  Filter) 

Attenuation 
(7-1/2%  Filter) 

Attenuation 
(10%  Filter) 

256 

7.5 

16.  5 

25.  5 

288 

10.  5 

10.  5 

28.  5 

512 

24.  5 

33.  5 

42.  5 

576 

27.  5 

36.  5 

45.  5 

1024 

42 

5  1 

60 

1152 

45 

54 

63 
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Now  we  can  get  our  sums  of  attenuation: 


Traffic 

(kb/s) 

Sum 

(F%  Filter) 

Sum 

(7-1  /2%  Filter) 

Sum 

(10%  Filter) 

256 

6.  5 

20.5 

32.  5 

288 

10.  5 

24.  5 

37.5 

512 

31.t> 

47 

61 

576 

36.5 

52 

66 

1024 

60.  5 

78 

93.  5 

1152 

65.  5 

83.  5 

99.5 

Min  required 

24 

28.  5 

34.  5 

Min  traffic 
rate 

512 

512 

288 

A  minimum  traffic  rate  of  512  kb/s  seems  achievable.  Operation  at 
288  kb/s  looks  possible  on  paper,  but  the  regenerator  that  will  work  with  the 
ten  percent  filter  lias  yet  to  be  demonstrated.  Even  7-1/2  percent  is  a  risky 


2 .  1 ,  3.2  TDM  Calculations 

In  the  TDM  approach,  two  mot|Ds  of  operation  are  provided.  In  the  first, 
Mode  A,  the  line  rate  is  increased  to  accommodate  the  VINSON  and  2  kb/s  tele¬ 
metry.  The  lower  r-.tes  are  built  up  to  provide  a  well  cleaned  up  band  at  the 
bottom  for  the  PARK11ILL  or  r  aintenance  orderwires.  In  the  sec  >nd,  Mode  B, 
the  line  rate  is  equal  to  the  traffic  rate.  This  is  shown  in  the  following  table: 

Line  Rate  \kb / s ) _ 

Traffic  Rate  (kb/s)  Mode  A  Mode  B 


72 

640 

72 

123 

576 

128 

144 

640 

144 

256 

576 

256 

288 

640 

288 

512 

576 

511 

576 

640 

57o 

1024 

2  304 

1024 

1152 

2  560 

1  152 

1536 

2  304 

1  ^36 

2043 

2304 

2048 

2304 

2  560 

-304 

4006 

4608 

4096 

4608 

5120 

4o08 
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All  the  traffic  rates  from  72  to  576  kb/s  in  Mode  A  use  either  576  or 
640  kb/s  on  the  line.  These  line  rates  are  chosen  to  provide  two  mile  opera¬ 
tion  while  providing  the  maximum  baseband  for  the  analog  orderwire.  For 
use  with  RLGM  and  RMC,  a  maintenance  orderwire  can  be  provided  in  Mode  B 
all  the  way  down  to  72  kb/s  (see  paragraph  2,  6). 

The  interference  calculation  for  the  TDM  scheme  is  based  on  the  most 
difficult  case:  72  kb/s  in  Mode  B.  At  the  option  of  the  designer,  all  Mode  B 
cases  can  use  the  same  levels  and  filters.  The  performance  of  the  traffic 
will  be  better  at  higher  rates  because  the  intersymbol  interference  will  be 
reduced.  The  performance  of  the  orderwire  will  be  better  at  higher  rates 
because  the  spectral  density  of  the  higher  rate  signals  is  less. 

In  Mode  A,  the  same  filters  and  levels  can  also  be  used  for  maintenance 
orderwire. 

Let  us  now  calculate  the  interference  for  the  72  kb/s  Mode  B  case.  Pre¬ 
liminary  breadboarding  has  determined  that  the  maximum  high  pass  filtering 
that  the  regenerator  can  accept  is  a  5  percent  filter;  i.  e.  ,  the  3  dB  point  is 
at  3600  cps. 

The  orderwire  is  an  analog  speech  signal.  It  can  be  treated  as  having 
a  Gaussian  aVnplitude  distribution  on  a  long-term  average,  with  an  unknown 
risk  of  short-term  deviations.  Curves  are  available  which  give  the  long-term 
spectral  distribution,  but  it  is  risky  to  rely  on  them  here.  Sibilants  or 
whistLng  can  violate  this  spectrum  for  many  milliseconds.  If  we  assume  a 
flat  spectrum,  that  should  cover  sibilants,  but  the  system  cannot  be  guaranteed 
safe  from  whistling. 

To  get  the  interference  from  the  orderwire  into  the  traffic,  we  integrate 
a  flat  spectrum  passed  through  the  5  percent  high  pass  filter  up  to  2800  cps. 

If  the  orderwire  low  pass  filter  reaches  its  specified  attenuation  at  2800  cps, 
the  integrated  value  should  not  be  exceeded  by  speech  or  sibilants.  The  in¬ 
tegrated  result  is  that  the  power  in  the  traffic  channel  will  \  e  14.8  dB  below 
the  total  speech  power.  As  a  matter  of  interest,  if  a  whistle  is  no  higher  than 
the  test  tone  level  and  no  higher  than  2000  cps,  the  limit  will  not  be  exceeded. 
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The  2800  cps  figure  was  selected  to  give  an  adequate  filter  transition.  It 
has  a  very  sharp  band  edge.  The  maintenance  orderwire  would  probabiv  origi¬ 
nate  from  a  fairly  wideband  orderwire  console,  and  would  have  to  be  banc  limited 
ir„ the  GM.  An  elliptic  filter  having  a  rather  steep  band  edge  will  be  used  for 
banc  limiting.  This  defines  the  maintenance  orderwire  bandwidth,  as  will  be 


To  get  the  interference  from  the  traffic  into  the  orderwire,  we  integrate 
the  diphase  spectrum  components  passing  through  the  5  percent  high  pass  filter 
to  2500  cps.  This  gives  an  interference  power  51.8  dB  below  the  diphase  rms 
value  (or  peak  value,  they  are  about  equal). 

it  is  intended  that  the  modems  operate  at  fixed  transmit  levels  and  have 
no  adjustment  of  receive  levels  or  equalization.  We  will  see  if  the  breadboard 
performance  permits  this  kind  of  operation.  The  R  units  will  then  equalize  two 
miles  of  cable  to  144  kc,  using  a  simple  one  pole,  one  zero  equalizer.  The 
GM  will  have  to  equalize  two  miles  of  cable  to  640  kc  because  it  must  transmit 
up  :o  this  rate  for  two  miles.  The  calculations  have  been  done  for  both  equali¬ 
zations  and  the  results  are  the  same  within  1/2  dB.  Therefore,  the  onl\  differ¬ 
ence  made  by  the  wide  equalization  is  the  higher  gain  amplifier  required. 

The  R  units  have  the  option  of  equalizing  to  144  kc  or  640  kc.  If  an  R 
unit  at  144  kc  feeds  a  GM  equalized  for  640  kc,  it  will  still  work.  We  now 
need  to  get  the  loss  variation  with  distance  of  the  signals  (see  Figure  2-Sh  The 
orderwire  loss  is  5  1/2  dB  per  mile.  The  diphase  loss  is  less  straightforward. 
The  loss  of  importance  is  the  loss  measured  at  the  sampling  point  of  the  equalized 
eve.  This  loss  is  approximately  equal  to  the  loss  of  the  variable  cable  and  the 
fixed  equalizer  at  the  lower  3  dB  point  of  the  equalizer,  16  kc.  The  loss  of  the 
cable  is  6  dB  per  mile,  and  the  loss  of  the  equalizer  is  29  dB. 

Refer  to  Figure  2-9.  The  traffic  passes  through  a  total  loss  of: 

6M  +  29  dB 

with  M  in  miles.  The  orderwire  encounters  the  following  loss  in  getting  into 
the  traffic  channel: 

5.  5M  +  14.  8  +  32  dB 
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Designating  the  traffic  transmit  level  in  dBm  as  T  and  the  orderwire 
transmit  level  in  dBm  as  T  ,  the  signal  to  noise  ratio  in  the  traffic  channel 

v  O 

peak  to  rms  is: 

T  -  T  +17.8-0.  5M 
t  o 

Setting  this  to  25.  5  dB,  we  obtain  the  maximum  allowable  orderwire  level: 

T  -  T  =  7.  7  +  0.  5M 
t  o 

The  highest  orderwire  level  is  set  by  the  two  mile  case  and  is  8.  7  dB 
below  the  traffic. 

The  loss  experienced  by  the  orderwire  is  in  its  own  channel  i  i  just: 

5.  5M 

When  the  traffic  signal  enters  the  orderwire  channel,  the  only  components 
that  count  are  those  at  the  orderwire  frequencies.  The  loss  at  these  frequencies 


5.  5M  +  51.  8  dB 

The  signal  to  noise  in  the  orderwire  is  then:  (rms  to  rms  basis) 

T  -  T  +  51.8  dB 
o  t 

Let  us  set  the  minimum  orderwire  signal  to  noise  ratio  at  20  dB.  This 
gives  a  definitely  audible  interference  signal,  but  a  useful  orderwire  will  result. 
The  minimum  orderwire  signal  level  (tesf  tone)  is  then  31.8  dB  below  the  traffic. 

The  transmit  traffic  level  is  set  equal  to  the  signal  out  of  the  existing 
TTC-39  modems:  3V  p-p  into  62  ohms.  This  is  36.  3  mW  or  +  15.6  dBm.  The 
maximum  orderwire  level  is  then  +6.  9  dBm.  Due  to  the  unpredictable  short 
term  behavior  of  speech,  we  must  make  sure  that  this  level  is  not  exceeded. 

The  minimum  orderwire  level  for  20  dB  S/N  is  -16.  2  dBm. 

It  is  desirable  to  make  the  maintenance  orderwire  in  the  GM  passive. 

If  the  COU  were  the  only  unit  interfacing  with  the  RLGMCD  and  the  GM,  we 
would  have  freedom  to  set  the  orderwire  level  anywhere  in  the  range  -lo,2  to 
+6.9  dBm.  However,  the  ONCE  must  also  interface  here,  and  we  might 
be  stuck  with  a  -4  dBm  transmit  level.  For  the  moment,  let  us  assume  the 
losses  in  the  GM  filter  and  transformer  to  be  2  dB  from  input  to  line  (and 
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from  line  to  output).  With  a  •  4  dBm  interface  level,  our  assumption  will 
give  a  -6  dBm  line  signal,  and  a  30.2  S/N.  With  two  miles  of  cable,  the 
received  line  signal  will  be  -17  dBm  and  the  received  signal  will  be  -19  dBm 
at  the  interface.  This  is  low  but  useable  in  the  CNCE.  It  is  quite  adequate 
lor  the  COU  which  can  work  on  a  circuit  loss  of  30+  dB.  The  only  problem  is 
the  signaling  tone.  The  CNCE  puts  out  a  -14+1  dBm  signaling  tone  at  a  -4  dBm 
test  tone  level.  Since  this  allows  signaling  to  be  as  low  as  1 1  dB  below  test 
tone,  the  minimum  signaling  received  level  is  -30  dBm.  The  CNCE  signaling 
sensitivity  is  specified  down  to  -29  dBm.  If  the  losses  were  to  be  4  dB  each 
instead  of  2,  the  received  test  tone  would  be  -23  dBm,  and  the  signaling  level 
-  34  dBm. 

To  get  around  this  either: 

a.  The  CNCE  must  provide  increased  sensitivity,  or 

b.  A  CNCE  to  CNCE  connection  must  be  prohibited  and  the  COU 
must  make  up  the  difference  by  having  higher  transmit  lex  els 
at  its  end  of  the  system,  or 

c.  The  GM  and  RLGMCD  must  have  amplifiers  or 

d.  The  CNCE  must  provide  higher  transmit  levels 

Let  us  now  choose' a  filter  design  for  planning  purposes.  The  traffic  high- 
pass  filter  is  already  chosen  as  being  a  3-pole  Binierworth  filter  having  3  d  13 
.req.iency  of  3600  cps.  Figure-  2-10  shows  a  constant  input  impedance  filter  in 
the  transmit  side.  This  would  he  a  good  idea  for  the  driver,  which  may  be  non¬ 
linear.  A  non-linear  driver  working  into  a  reactive  impedance  can  give  bad 
cir.ortion,  particularly  unequal  rise  and  fall  times.  Figure  2-11  shows  the  re- 
ceixe  side.  The  relative  positions  of  the  filter  and  transformer  are  at  the 
ce signer's  option. 

In  order  to  get  the  best  possible  bandwidth,  at  moderate  cost,  choose 
a  4-pole  elliptic  filter  for  the  orderxvire.  This  prox  ides  a  handy  output  inducror- 
od  usted  to  reduce  loading  of  the  traffic.  This  inductor  may  have  to  be  adjusted 
to  reduce  interaction  between  the  filters.  Since  this  filter  need  only  proxide 
m  dB  total  attenuation  in  conjunction  with  the  high  pass  filter,  a  stop  hand 
attenuation  o'  only  25  dB  is  chosen,  1  he  frequency  xvhere  it  reaches  this  xalue 
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Figure  2-10.  Transmit  Circuits 


figure  2-11.  Receive  Circuits 
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is  set  at  2800  cps.  To  get  the  maximum  pass  V.and,  we  will  choose  a  filter 
with  about  1/3  dB  ripple.  This  means  allowing  a  considerable  reflection  co¬ 
efficient.  It  takes  no  more  circuitry  than  a  filter  with  less  ripple,  and  a  mis¬ 
match  on  the  orderwire  interface  appears  to  be  a  low  price  for  a  wider  pass 
band.  Choosing  a  filter  with  a  25  percent  reflection  coeff'.cient  provides  0.25  dB 
ripple  and  a  band  edge  of  2000  cps.  The  25  percent  reflection  coefficient  means 
that  the  impedance  can  vary  from  0.6  to  1.  667  times  the  nominal  impedance. 
Figures  2-10  and  2-11  show  this  filter  with  a  transformer  on  the  interface 
side.  The  position  of  the  transformer  is  a  designer's  option. 

2 .  1 .  3 ,  3  FDM  Calculations  With  Revised  Requirements 

In  order  to  make  "he  FDM  approach  practice1,  the  requirements  have  been 
revised,  as  mentioned  in  paragraph  2.  1.  2.  d.  This  revision  reduces  the  number 
of  signals  on  the  cable  at  one  time  to  be  reduced  from  3  to  2.  This  improves 
the  required  interference  levels  by  6  dB  as  each  signal  encounters  one  interferer 
instead  of  2.  The  6  dB  advantage  permits  operation  down  to  256  kb/s,  whereas 
with  3  signals,  operation  could  be  provided  only  down  to  512  kb/s. 

To  achieve  the  two-signal  goal,  the  two  digital  signals,  16  kb/s  VINSON 
and  2  kb/s  telemetry  are  Time  Division  Multiplexed  together.  The  resulting 
bit  stream  is  32  rib/s,  thus  allowing  for  plenty  of  overhead  for  demultiplexing. 
When  used,  the  maintenance  orderwire  occupies  the  same  part  of  the  spectrum 
previously  occupied  by  the  32  kb/s  signal. 

Figure  2  -12  shows  a  block  diagram  of  a  GM  with  this  scheme.  Note  that 
there  is  no  high  pass  filter  in  the  traffic  transmit  circuit.  In  this  case,  the  trans¬ 
mit  high  pass  filter  does  not  pull  its  weight.  It  causes  degradation  in  the  eye 
pattern  in  an  amount  more  than  the  reduction  in  interference  into  the  orderwire 
than  it  provides.  Therefore,  it  can  be  eliminated.  The  optimum  orderwire  level 
rises  as  a  consequence. 
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Figure  2-12.  Group  Modem  with  Revised  Requirements 
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Figure  2-13  shows  the  computer  calculated  interference  of  the  traffic  into 
.-<?  orderwire.  The  only  filter  reducing  this  interference  is  the  orderwire  re- 
,.“he  filter.  The  filter  chosen  is  a  4-pole  filter  with  a  3  dB  point  at  20  kHz. 

^o^r  ~  ^0/256  =  0.078,  and  the  interference  peak  from  Figure  2-13  is 
24.  7  dB  below  the  traffic  signal  level. 

Figure  2-14  shows  the  computer  calculated  interference  of  the  orderwire 
•:-:o  the  traffic.  The  filters  reducing  tnis  interference  are  the  orderwire  trans- 
low  pass  filter  and  the  traffic  receive  high  pass  filter.  The  orderwire  signal 
"  a  32  kb/s  NRZ  signal  to  minimize  the  required  bandwidth.  The  transmit 
,ev.  pass  filter  is  the  same  as  the  receive  low  pass  filter,  i.  e.  ,  a  4-pole  filter 
a:  20  kHz.  The  receive  high  pass  filter  is  a  2-pole  filter  with  a  3  dB  point  at 
2  5  kHz.  This  is  approximately  a  10%  filter,  but  the  resultant  eye  pattern  is  good 
because  there  is  only  one  such  filter  in  the  traffic  signal  path.  Normalizing  with 
respect  to  the  orderwire  rate  of  32  kb/s:  the  high  pass  filter  f  /f  =  25/32  = 

'J  "S>  and  the  low  Pass  £ilter  V fr  s  20/32  =  0.  625.  The  interference  peak  from 
-  -C~re  2-14  is  7  dB  below  the  ordemvire  signal  level. 
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Now  let  us  calculate  the  required  signal  ,o  noise  ratios.  Figure  2-15  shows 

the  eye  degradation  caused  by  a  single  high  pass  filter.  For  the  traffic,  f,/f  = 

3  r 

25/256  =  0.098,  and  degradation  is  3  dB.  If  we  set  the  peak  interference  3  dB 
below  the  eye  peak,  the  required  signal  to  noise  ratio  is  3  +  3  =  6  dB.  To  get 
the  eye  degradation  of  the  orderwire  signal  we  can  use  Figure  2-2.  That  was 
calculated  for  a  diphase  signal,  but  as  far  as  the  high  pass  filter  effect  is  con¬ 
cerned,  an  NRZ  signal  at  32  kb/s  is  equivalent  to  a  diphase  signal  at  16  kb/s. 

Therefore,  we  enter  Figure  2-2  at  an  equivalent  f _  / f  =  20/16  =  1.25.  The  de- 

j  r 

gradation  for  4-pole  filters  is  2  dB.  The  required  signal  to  noise  ratio  is  then 
3  +  2  =  5  dB. 

If  we  have  the  freedom  to  set  levels,  we  compare  the  sum  o i  the  attenua¬ 
tions  required  with  the  sum  of  the  attenuations  available.  The  sum  of  the  atten¬ 
uations  required  is  6  +  5  =  11  dB.  The  sum  of  the  attenuations  available  is 
24.7  +  7  =  31.7  dB.  Therefore,  this  scheme  is  practical  and  there  is  almost 
20  dB  leeway  in  setting  levels. 
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Figure  2-15.  Degradation  of  Eye  Size  through  One  High  Pass  Filter, 
Diphase  Signal 
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We  now  need  the  interference  between  the  maintenance  orderwire  and  the 
traffic.  The  maintenance  orderwire  must  be  provided  down  to  72  kb/s,  and  that 
is  the  limiting  case.  Again,  we  will  assume  no  transmit  high  pass  filter  in  the 
traffic.  There  will  be  a  10%  receive  high  pass  filter,  i.  e.  ,  at  7200  Hz.  Calcu¬ 
lations  of  the  interference  from  the  orderwire  to  the  traffic  were  made  assuming 
both  a  2-pole  and  a  3-pole  filter.  The  integration  was  carried  up  to  2800  Hz  as 
was  done  in  paragraph  2.  1.3.2.  The  result  is  that  for  the  2-pole  filter,  the 
interference  is  23  dB  below  the  orderwire  level,  and  for  the  3 -pole  filter  the 
interference  is  32.7  dB  below  the  orderwire  level. 

Calculations  were  made  of  the  interference  from  the  traffic  to  the  order - 
wire.  I  here  is  no  high  pass  filter  helping  here.  Again  the  integration  was 
carried  up  to  2800  Hz.  The  result  is  that  the  interference  is  40.  1  dB  below  the 
traffic  level. 

For  the  speech  signals,  the  S/N  in  the  traffic  is  set  to  be  20  dB  below  the 
eye  peak:  20  r  3  -  23  dB.  The  minimum  S/N  in  the  orderwire  is  set  at  20  dB. 
Therefore  the  required  sum  of  the  attenuations  provided  is  63.  1  dB  for  the  2- 
xole  filter  and  73.8  dB  for  the  3-pole  filter.  Therefore,  either  will  work.  The 
t  iree  pole  filter  will  provide  a  better  signal  to  noise  ratio  in  the  orderwire,  but 
or.lv  if  enough  orderwire  input  is  available  to  raise  the  orderwire  level  on  the 
cable.  If  the  GM  is  to  have  a  passive  orderwire  which  is  limited  by  the  CNCE 
level  to  -4  dBm.  there  is  no  particular  advantage  in  the  3-pole  filter.  The  levels 
were  discussed  in  paragraph  2.  1.3.2,  and  the  same  limitations  apply  here. 

The  low  pass  filter  used  in  the  maintenance  orderwire  must  be  a  sharp 
one,  as  discussed  in  paragraph  2,  1,3.2,  because  it  must  work  with  traffic  down 
to  72  kb/s.  However,  there  is  another  interesting  case  that  should  be  explored: 
if  there  are  two  versions  of  the  diphase  GM,  each  one  would  be  much  simpler. 

This  is  a  possibility  for  improved  design  that  will  be  explored.  In  that  case, 
there  is  another  interference  case  that  should  be  calculated:  what  if  there  were 
no  s.-.arp  low  pass  filter  for  rates  of  256  kb/s  and  above?  It  would  save  a  lot  of 
=  pace  on  the  modem.  The  design  of  the  modem  would  then  break  into  two  version: 
72  to  144  kb/s  with  maintenance  orderwire  only,  and  256  to  4608  kb/s  with  secure 
plus  telemetry  or  maintenance  orderwire. 
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To  explore  this  possibility,  we  derive  approximate  integrals  for  the 
interference.  For  the  orderwire  into  the  traffic  we  have: 


Where  P  is  the  interference  power,  E  is  the  orderwire  power,  B  is  the  top 
frequency  of  the  orderwire,  f^  is  the  3  dB  frequency  of  the  high  pass  filter,  and 
N  is  the  number  of  poles  in  the  high  pass  filter.  If  B  «  f  ,  we  have  tne  approxi¬ 
mation: 


If  we  assume  B  =  4  kHz  and  f3  =  25  kHz,  the  orderwire  interference  into  the 
traffic  is  38.  8  dB  below  the  orderwire  level. 


For  the  traffic  into  the  orderwire  we  have: 


Now  E  is  the  traffic  power,  P  is  again  the  interference  power,  B  again  the 

top  frequency  of  the  orderwire,  and  f  is  the  information  bit  rate.  If  B  <Y  f  , 

r  ' N  x  ’ 

we  have: 


With  B  =  4  kHz  and  fy  =  256  kb/s,  the  traffic  interference  into  the  orderwire  is 
52  dB  below  the  traffic  level.  The  sum  of  the  attenuations  is  a  handsome  90.  8 
dB,  Therefore,  the  two  version  concept  of  the  diphase  modem  has  much  to 
t  ecommend  it  on  theoretical  grounds.  The  actual  merits  of  this  scheme  depend 
on  the  physical  configuration  and  cost. 


With  the  addition  of  a  maintenance  orderwire  to  the  remote  units,  these  con 
siderations  have  been  obsoleted.  The  diphase  GM  must  be  compatible  with  the  re 
mote  unit  maintenance  orderwire.  and  this  design  is  described  in  paragraph  2.  b. 
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2.2  ,CDM  ORDERWIRE 

There  are  two  versions  of  the  CDM:  High  Speed  and  Low  Speed.  The 
two  versions  have  the  same  orderwire  requirements:,  a  maintenance  orderwire, 
a  secure  voice  orderwire,  and  a  2  kb/s  telemetry  channel.  These  units  act 
as  cable  terminals  for  repeatered  cable  systems.  To  simplify  the  repeaters, 
the  line  rates  of  the  CDM's  are  independent  of  the  traffic  carried.  The 
spacing  between  repeaters  is  fixed,  although  the  distance  betwee  i  a  terminal 
and  the  first  repeater  is  variable.  The  system  length  is  varied  by  varying 
the  number  of  repeaters. 

2.2.  1  DESIGN  GOALS  AND  REQUIREMENTS 

The  Low  Speed  CDM  handles  traffic  at  rates  from  72  to  2048  kb/s.  The 
High  Speed  CDM  handles  traffic  at  rates  from  409t>  to  18,  720  kb/s.  Other 
significant  quantities  are: 


Line  Rate 

Repeater  Spacing 

Maximum  System 

Version 

(kb/  s) 

(mi.  ) 

Length  (mi.  ) 

High  Speed 

18, 720 

1  /  4 

5 

Low  Speed 

2,  048 

1 

40 

The  maintenance  orderwire  is  an  analog  voice  channel  having  a  band- 
v.  idth  of  at  least  1700  cps.  It  should  work  with  faulty  repeaters  in  the  system, 
and  be  independent  of  cable  power  and  any  other  signal  on  the  cable.  Access 
to  this  orderwire  is  available  at  the  CDM  and  each  repeater. 

The  secure  orderwire  is  the  VINSON  at  16  kb/s. 

2.2.2  DESIGN  APPROACH 

The  Low  Speed  CDM  required  more  design  effort  because  the  orderwire 
requirements  are  the  same  for  both  systems  while  the  lower  traffic  rate  gives 
the  more  difficult  problems  in  combining  and  decombining,  and  the  system  is 
the  longer,  thus  giving  more  loss  and  tandeming  problems.  After  the  Low 
Speed  system  was  determined,  then  the  High  Speed  system  was  made  similar 
for  the  purposes  of  commonality. 
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The  specification  called  for  the  line  rate  to  be  equal  to  the  highest 
traffic  rate  handled.  This  implied  that  Frequency  Division  Multiplexing 
be  used  to  get  all  the  signals  on  the  same  cable.  Therefore,  the  first 
approach  was  to  design  an  FDM  system. 

In  an  FDM  system,  the  combined  line  signal  must  be  split  at  each 
repeater.  This  is  because: 

a.  The  traffic  must  be  regenerated  at  each  repeater. 

b.  The  maintenance  orderwire  must  go  through  each  repeater 
on  a  passive  basis. 

c.  The  loss  in  the  long  cable  system  is  so  great  that  the 
secure  orderwire  and  telemetry  must  be  amplified  in  each  repeater,  while 
the  maintenance  orderwire  must  use  loading  coils. 

This  presents  a  serious  problem:  the  filtering  effects  on  the  orderwire 
and  telemetry  signals  are  compounded  80  times  in  a  40  mile  system.  This  is 
the  effect  that  limits  the  system  length.  In  an  effort  to  eliminate  the  length 
limitation,  two  alternatives  are  considered: 

a.  Time  Division  Multiplexing  -  This  would  put  the  16  kb/s 
VINSON  and  the  2  kb/s  telemetry  in  with  the  traffic  bit  stream.  This  raises 
the  line  rate  slightly.  The  line  rate  is  then  not  as  specified,  but  this  affect:, 
the  Pulse  Repeater  and  the  CDM  only.  The  traffic  and  orderwire  signals  would 
enter  and  leave  the  cable  terminals  in  exactly  the  same  manner  as  the  FDM 
system,  so  no  compatibility  problems  with  other  equipments  are  created.  This 
alternative  was  pursued  in  the  equipment  design  Sections  11  and  12. 

b.  Space  Division  Multiplexing  -  Putting  the  orderwire  signals 
on  another  cable  or  field  wire  is  not  so  easy  here.  The  40  mile  length  would 
require  orderwire  repeaters  at  intervals.  This  alternative  was  noc  pursued. 
2.2.3  DETAILED  DESIGN  DESCRIPTION 

In  this  section,  we  will  determine  the  characteristics  of  an  FDM  system 
designed  to  go  40  miles.  Since  the  computer  calculations  show  this  to  be  im¬ 
possible,  a  second  iteration  of  the  system  is  given.  Then  the  characteristics 
of  the  alternative  TDM  system  are  discussed. 
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2.  2.  3.  1  FDM  Calculations 

Again,  the  system  design  is  an  iterative  process.  We  assume  some 
parameters,  calculate  the  others,  and  see  if  the  original  assumptions  give  a 
workable  system.  If  not,  the  original  assumptions  are  changed,  and  the  cal¬ 
culations  repeated.  The  calculations  given  here  have  already  been  through 
several  iterations. 

Figure  2-16  shows  a  block  diagram  of  the  signal  paths  in  the  CDM  and 
the  PR.  The  maintenance  orderwire  passes  through  low  pass  filters  and 
loading  coils.  The  traffic  passes  through  two  high  pass  filters  before  regenera¬ 
tion.  The  telemetry  and  secure  orderwire  signals  are  put  on  carriers  and 
passed  through  individual  bandpass  filters  in  the  CDM.  At  each  PR,  the  two 
carriers  pass  through  the  same  bandpass  filter,  with  one  filter  at  the  input 
and  another  at  the  output.  The  cable  plus  equalizer  acts  as  a  low  pass  filter 
for  the  traffic. 
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Figure  2-16.  Signal  Paths  in  the  CDM  and  PR  FDM  Approach 
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Let  us  assume  the  bandwidths  of  the  individual  bandpass  filters,  and 
get  from  that  the  eye  degradation  of  the  digital  secure  orderw  .  and  the 
telemetry.  These  filters  are  assumed  to  have  3  dB  points  at  2/ 2  times  the 
bit  rates,  or  45.  25  and  5.65  kHz,  respectively.  Figure  2-2  shows  the  size 
of  the  eye  pattern  for  low  pass  filters,  and  this  can  be  used  for  the  equivalent 
bandpass  filters.  At  the  bandwidths  chosen,  the  degradation  with  respect  to 
the  peak  signal  is  about  1  dB  for  either  three  or  four  pole  filters. 

The  minimum  value  of  signal  to  interference  ratio  for  these  signals  is 
10  dB,  ;ust  like  the  case  of  the  GM  in  paragraph  2.  1.3.  Again,  a  more  desirable 
figure  would  be  20  dB. 

Let  us  now  set  the  spacing  between  the  telemetry  and  orderwire  carriers 
and  the  number  of  poles  in  their  bandpass  filters.  From  previous  iterations, 
it  is  known  that  this  is  determined  primarily  by  their  mutual  interference  and 
is  almost  independent  of  their  interferences  with  the  traffic  and  maintenance 
signals. 

Figure  2-3  shows  the  interference  from  the  orderwire  to  the  telemetry. 

The  computer  program  used  to  provide  the  data  for  this  curve  treats  a  base¬ 
band  signal  as  if  it  were  a  carrier  signal.  Therefore,  the  figure  can  be  used 
for  two  carrier  signals  at  any  frequency  including  dc.  The  only  thing  that 
matters  is  the  separation  between  carriers.  All  frequencies  are  normalized 
to  the  bit  rate  of  the  orderwire.  We  obtain  the  following  results: 


Sepa  ration 
(kHz) 

Attenuation  (dB) 

3  Pole  |  4  Pole 

24 

15 

15 

28 

27 

32 

32 

37 

40 

40 

32 

32 

48 

33 

33 

The  four  pole  filter  is  not  much  better  than  the  three  pole,  so  we  choose 
the  three  pole.  32  kHz  spacing  puts  the  telemetry  in  the  spectral  null  of  the 
lb  kb/s  orderwire  signal,  so  it  is  better  than  higher  or  lower  frequencies. 
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Figure  2-4  can  be  used  for  the  interference  from  the  telemetry  to  the 
orderwire  for  the  same  reasons  used  for  Figure  2-3.  All  frequencies  are 
normalized  to  the  bit  rate  of  the  telemetry.  We  obtain  the  following  results: 


Separation 

Attenuation  \dB> 

ikHzi 

3  Pole 

4  Pole 

24 

5 

3 

28 

5.5 

8 

32 

8 

15 

40 

14 

31.5 

48 

20 

34 

The  four  pole  filter  is  noticeably  better,  and  is  therefore  chosen. 
Again,  since  we  have  the  option  of  setting  the  relative  levels,  we  add  the 
attenuation  from  the  orderwire  to  the  telemetry  to  the  attenuation  from  the 
telemetry  to  the  orderwire: 


Separation 

(kHz) 

Sum  of  Attenuations 
(dB) 

24 

18 

28 

35 

32 

52 

40 

63.5 

48 

67 

The  sum  should  be  at  least  20  dB,  and  40  dB  is  desirable.  32  kHz 
spacing  meets  40  dB  and  24  kHz  meets  neither  level.  The  spectral  null  is 
what  makes  32  kHz  so  good.  28  kHz  meets  the  minimum  but  not  the  desirable 
level.  For  this  iteration  we  choose  32  kHz,  although  if  it  becomes  crucial 
further  c  i,  28  kHz  can  be  used. 

It  is  now  necessary  to  consider  the  interactions  of  the  carrier  signals 
and  bandpass  filters  with  the  maintenance  orderwire  at  the  low  end  and  the  traffic 
at  tiie  high  end.  After  a  number  of  iterations  it  was  found  that  there  were 
two  major  limitations  on  the  system  length:  the  degradation  of  the  carrier 
eye  patterns  caused  by  the  tandem  bandpass  filters  and  the  increase  in 
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maintenance  orderwire  loss  caused  by  the  loading  effects  of  the  tandem 
bandpass  filters.  The  orderwire  loss  at  1600  cps  was  6  dB  per  mile  if  the 
bandpass  filter  was  designed  at  62  ohms,  but  dropped  to  1.  8  dB  per  mile  if 
the  filter  was  designed  at  250  ohms.  Increasing  this  impedance  further  causes 
the  high  pass  filter  to  distort  the  bandpass  filter  to  the  point  that  the  orderwire 
eye  pattern  closed.  A  72  dB  loss  orderwire  may  be  designed,  but  it  is  a  risky 
thing  to  put  in  the  field. 

At  the  high  end  a  filter  set  was  designed  to  minimize  the  carrier  eye 
pattern  degradation  at  the  expense  of  degrading  the  traffic  eye  pattern.  The 
purpose  was  to  determine  the  upper  bounds  on  system  length.  The  upper  3  dB 
point  of  the  bandpass  filter  was  set  at  100  kHz,  and  the  3  dB  point  of  tne  high 
pass  filter  was  set  at  200  kHz.  The  high  pass  filter  then  becomes  a  ten  percent 
filter,  and,  as  stated  in  Section  2.  1.3,  a  ten  percent  filter  is  probably  beyond 
the  capabilities  of  a  practical  regenerator.  Even  with  this  filter  the  computer 
run  of  the  tandem  filter  eye  patterns  showed  that  phase  distortion  on  the  carriers 
closed  the  eye  after  only  one  filter. 


The  computer  was  then  instructed  to  ignore  the  phase  function.  This  is 
the  equivalent  of  perfect  phase  equalization.  The  resultant  eye  patterns  are 
given  here  first  in  terms  of  the  number  of  filters  (two  per  mile),  and  as  a 
function  of  VINSON  carrier  frequency  at  16  filters  (eight  miles).  The  VINSON 
suffers  the  most.  Figure  2-17  shows  the  eye  degradation  as  a  function  of 
number  of  repeaters.  A  70  percent  degradation  should  be  set  as  the  limit, 
because  perfect  equalization  cannot  be  achieved  in  finite  circuitry.  It  is 
estimated  that  practical  equalization  would  cut  the  eye  size  to  25  percent,  a 
rather  poor  figure.  It  is  important  to  note  that  there  is  not  enough  room  in 
the  repeaters  for  phase  equalizers.  It  must  be  done  in  the  CDM,  and  there¬ 
fore  must  be  varied  for  system  length.  Figure  2-13  assumes  a  48  kHz  carrier 
for  the  VINSON.  Is  the  situation  better  if  this  is  lowered9  Consider  Figure  2-  18. 
Practically  no  benefit  is  gained.  This  is  because  phase  distortion  due  to  band 
edge  amplitude  distortion  extends  quite  far  toward  the  band  center.  Another 


degradation  is  shown  in  Figure  2-19.  Here  it  is  shown  that  100  percent  modu¬ 
lation  causes  additional  degradation  of  the  eye  pattern.  Figure  2-12  can  be 
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Figure  2-17.  Eye  Degradation  of  16  kb/s  Diphase  vs  System  Length 

tor  this  degradation  is  that  the  amplitude  characteristic  of  the  compounded 
filters  suppresses  the  information  sideband  nearest  the  band  edge  while  en¬ 
hancing  that  nearest  the  band  center.  This  gives  the  effect  similar  to  that  of 
a  vestigial  sideband  system.  Vestigial  sideband  systems  have  the  characteristics 
that  the  frequency  response  is  a  function  of  modulation  depth. 

The  result  of  this  iteration  is  that  an  FDM  system  cannot  go  the  full 
distance.  It  would  appear  from  the  computer  runs  that  a  12  mile  system 
would  work,  but  when  actual  equipment  is  built  it  is  more  likely  that  the  length 
would  be  no  more  than  five  miles.  What  can  the  next  iteration  consider0  Two 
possibilities  are: 

a.  A  system  designed  to  go  live  to  eight  miles  using  FDM. 

b.  A  TDM  system  designed  to  go  40  miles. 


2-34 


JSifcL 


RAYTHEON  COMPANY 

rRAYTHEONl 

EQUIPMENT  DIVISION 

2.  2.  3.  2  TDM  System 

The  TDM  system  was  the  one  with  the  least  risk.  The  worst  problem 
was  to  get  a  simple  regenerator  to  extract  stable  timing  in  the  presence  of 
high  pass  filtering. 

In  choosing  the  TDM  system,  we  raised  the  line  rate.  The  line  rate  for 
the  low  speed  system  became  2304  mb/s,  to  choose  a  rate  in  the  TRI-TAC 
spec.  This  affects  only  the  CDM,  PR,  and  COU,  all  of  which  are  units  in 
this  contract.  The  other  elements  in  the  TRI-TAC  family  are  presented  with 
separated  traffic  (at  the  traffic  rate),  secure  orderwire,  maintenance  order- 
wire,  and  telemetry  in  the  identical  manner  to  that  of  an  FDM  system. 

In  a  TDM  system,  the  VINSON  and  telemetry  are  multiplexed  into  the 
traffic.  The  VINSON  uses  an  external  buffer  to  accommodate  its  asynchro¬ 
nous  clock. 

Let  us  calculate  the  interferences  between  the  two  signals  on  the  cable: 
the  digital  signal  and  the  maintenance  orderwire.  From  previous  iterations 
of  this  calculation,  it  is  known  that  the  interferences  are  very  low,  simple 
approximations  are  capable  of  giving  useful  results,  and  a  great  amount  of 
freedom  is  available  to  the  designer  to  change  the  various  levels  and  filters 
without  noticeable  effect  on  system  performance. 

First  we  choose  the  traffic  high  pass  filter.  It  is  assumed  as  a  3-pole 
Butte rworth  filter  at  30  krbs.  For  the  low  speed  line  rate  of  2304  kb/s,  this 
is  a  1.3  percent  filter.  The  eye  degradation  is  about  1  dB.  There  is  only 
one  interfering  signal  on  the  line,  and  it  is  an  analog  signal.  We  will,  there¬ 
fore,  require  a  20  dB  eye  peak  to  interference  rms  ratio,  or  21  dB  signal 
peak  to  rms  interference  ratio. 
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The  orderwire  signal  will  receive  a  contribution  of  traffic  interference 
from  each  repeater.  They  will  almost  be  in  phase,  so  let  us  assume  that 
they  are  completely  in  phase.  Therefore,  if  we  want  a  20  dB  s.^n  (rms  to  rms) 
in  the  orderwire  at  the  end  of  40  repeaters,  we  need  20  +  32  =  52  dB  per  re¬ 
peater. 

To  calculate  the  interference  from  the  orderwire  to  the  traffic,  we 
assume  that  the  orderwire  can  be  represented  by  a  sinewave  at  full  test  tone 
level  at  1700  cps.  This  is  conservative.  With  the  assumed  high  pass  filter, 
the  attenuation  is  74.8  dB. 


To  calculate  the  interference  from  the  traffic  to  the  orderwire,  we  will 
approximate  the  spectrum  and  integrate. 


zap-)  A(fwf 


P  =  Interference  Power 

E  =  Peak  Diphase  Voltage 

f  =  Bit  Rate 

r 

f =  Top  Orderwire  Frequency 

A(f>  •-  Power  Attenuation  of  HPF 
f  "  3  dB  point  of  HPF 

N  =  Number  of  poles  in  HPF 


2N 


For  a  3-pole  filter,  the  approximate  value  of  the  integral  is: 


p 


r  o 

.::ing  in  1.8  kHz  for  the  top  orderwire  frequency,  2304  kb/s  for  the  bit  rate, 
c  30  kHz  for  the  filter  corner  frequency  we  get  an  interference  power  169.  1 
5  oe low  the  diphase  power. 
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With  attenuations  such  as  these,  the  levels  of  the  diphase  and  the  order- 
wire  can  be  set  to  optimize  the  repeater  power,  CCU  design,  etc.  As  a  matter 
of  interest,  the  maximum  allowable  orderwire  power  works  out  to  be  3  kW. 

2.  2.  3.  3  Digitization  of  the  PARKHILL 

An  investigation  of  digitization  of  the  PARKHILL  was  made.  The  alter¬ 
native  of  providing  a  PARKHILL  on  a  separate  carrier  similar  to  that  of  the 
FDM  approach  was  considered.  However,  the  complex  separation  filters  and 
AGC  amplifiers  would  still  be  required  in  the  repeaters  for  this  signal  alone. 

It  was  estimated  that  the  PR  would  weigh  11  pounds  using  this  approach.  If 
the  PARKHILL  is  digitized,  the  amplifiers  and  filters  would  be  eliminated. 

This  saves  so  much  circuit  board  space,  and  as  a  consequence,  so  much  case 
size,  that  the  resultant  repeater  would  save  at  least  2  pounds. 

Of  course,  the  digitization  circuitry  would  have  to  be  provided  in  the 
COM.  However,  the  CDM  is  estimated  to  meet  its  weight  spec  with  enough 
to  spare  for  an  additional  circuit  board.  Furthermore,  the  volume  and  power 
is  also  available.  Therefore,  digitization  of  the  PARKHILL  offers  a  very 
attractive  weight  radeoff. 

It  introduces  one  risk,  which  will  be  dealt  with.  The  PARKHILL  speci¬ 
fication  mentions  no  limit  for  quantization  distortion.  Quantization  distortion 
sounds  like  noise,  but  it  is  not  noise,  because  it  depends  on  signal  level.  It 
is  a  form  of  non-harmonic  distortion.  The  safest  way  to  determine  the  effect 
of  this  distortion  on  the  PARKHILL  is  by  experiment.  Since  the  PARKHILL 
is  not  at  present  available  for  experimentation,  a  temporary  solution  is  adopted. 
This  is  to  plan  for  an  A/D  converter  well  in  excess  of  what  might  be  required. 
There  is  enough  bit  rate  in  the  format  for  an  allocation  of  96  kb/s  for  the 
PARKHILL.  This  can  provide  an  8  kc  sampling  rate  and  12  bit  encoding. 

12  bit  A/D  encoders  are  available  in  military  versions,  and  there  is  plenty 
of  room  on  a  circuit  board  for  a  coder,  decoder,  smoothing  filter,  and  all 
necessary  audio  circuitrv. 

A  12  bit  A/D  conversion  provides  a  step  size  1  /4096  times  the  peak  to 
peak  signal.  The  rms  quantization  noise  is  then  lower  than  o9.  2  dB  below  mis 
signal.  This  is  far  more  than  could  cossibly  be  needed.  The  breadboard 


2-38 


RAYTHEON  COMPANY 

^RAYTHEOffj 

EQUIPMENT  DIVISION 

system  will  be  built  with  a  12-bit  coder,  and  when  the  PARKH1LL  becomes 
available,  a  tes:.  will  be  made  to  see  how  many  of  these  bits  can  be  cut  off. 

It  would  appear  likely  that  an  8-bit  coder  would  be  more  than  adeq'  ate,  and 
an  8-bit  coder  is  considerably  cheaper  than  a  12. 

After  this  investigation  was  completed,  the  PARKH1LL  requirement  was 
eliminated. 

2.  3  RLGM  AND  RMC  ORDERWIRE 

These  units  now  have  a  requirement  for  a  maintenance  orderwire.  Since 
they  interconnect  with  the  RLCMCD  and  diphase  GM  in  the  shelter,  the  latter  units 
must  also  have  a  compatible  orderwire.  The  maintenance  orderwire  must  be  pas¬ 
sive  within  these  units  and  not  depend  on  traffic  or  unit  operation  to  work.  Further¬ 
more,  the  bandwidth  of  this  maintenance  orderwire  is  specified  to  be  that  of  the 
MI L-STD - 1  88-  1  00  voice  channel,  which  is  flat  to  within  4  dB  up  to  3000  Hz.  An 
additional  4  dB  attenuation  is  allowed  up  to  3400  Hz. 

The  calculations  in  paragraph  2.  1.  3,  3  assumed  that  filtering  could  be  pro¬ 
vided  which  eliminates  interference  between  the  traffic  and  the  orderwire.  How¬ 
ever,  this  required  wider  band  makes  it  impossible  to  provide  the  necessary  iso¬ 
lation.  To  provide  the  wider  band,  it  is  necessary  to  permit  some  degradation  of 
both  the  traffic  and  the  orderwire.  A  workable  design  is  possible  if  the  following 
degradations  are  permitted: 

a.  The  minimum  signal-to  -  noise  objective  of  20  dB  in  the  orderwire 
need  be  provided  only  down  to  144  kb/s.  Given  the  triangular  shape  of  the  low 
frequency  end  of  the  diphase  spectrum,  this  will  give  11  dB  S/N  at  72  kb/s. 

b.  Speech  on  the  maintenance  orderwire  will  give  occasional  burst 
errors  which  may  cause  refraining  of  the  multiplexers.  Since  this  is  a  maintenance 
orderwire,  the  system  normally  operates  without  speech  on  the  orderwire. 

To  provide  this  bandwidth,  all  filtering  in  the  orderwire  is  removed.  The 
interference  from  the  orderwire  into  the  traffic  is  then  controlled  by  the  spectral 
density  of  speech  along  a  ith  a  7200  Hz  high  pass  filter  in  the  traffic  receiver. 
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This  kind  of  control  permits  occasional  speech  bursts  to  affect  the  traffic,  but  it 
will  not  occur  too  often  to  prevent  maintenance  personnel  from  servicing  the  units. 
The  interference  from  the  traffic  into  the  orderwire  is  then  limited  only  by  the 
frequency  response  of  the  orderwire  phone  and  the  human  ear.  This  is  represented 
by  a  C-message  weighted  meter. 

If  we  use  the  approximations  from  paragraph  2.  1.  3.  3,  the  interference  from 
the  orderwire  to  the  traffic  is: 


TOT 


1 


l 


3300 


2x2+1  \  7200 j 


20.  5  dB  Down 


E  \ 

The  interference  from  the  traffic  to  the  orderwire  at  144  kb/s  is: 


P 


TOT 


47  dB  Down 


The  orderw'.re  levels  are  rms  and  the  traffic  levels  are  peak.  The  bandwidth  of 
3300  Hz  is  that  of  the  C-message  weighting  filter.  To  get  a  minimum  S/N  of  20  dB 
in  the  orderwire  with  a  traffic  level  of  3  volts  (15.  6  dBm),  the  minimum  orderwire 
level  is  -11,4  dBm.  Assuming  the  orderwire  to  have  Gaussian  amplitude  distri¬ 
bution,  the  traffic  S/N  should  be  set  to  23  dB  for  essentially  error-free  perfor¬ 
mance.  Given  these  equalizers,  filters,  and  cable  losses,  the  maximum  order- 
wire  level  is  +15.  1  dBm.  We  choose  +5  dBm  as  the  optimum.  This  gives  10  dB 
margin  in  each  direction,  at  least  on  paper. 

The  next  problem  is  how  to  mix  the  orderwire  and  traffic  signal.  Amplifica¬ 
tion  of  the  orderwire  is  not  permitted.  The  overlap  of  the  bandwidths  is  too  much 
for  combining  in  a  high  pass/low  pass  filter  set.  The  only  option  left  is  a  resistive 
pad.  Since  the  orderwire  level  chosen  is  higher  than  the  standard  -4  dBm,  we 
would  have  to  call  upon  the  COU  anyway.  It  has  enough  output  capability  to  make 
up  the  resistive  pad  losses.  Using  bridging  resistors  o:  600  ohms  at  both  transmit 
and  receive  cable  interfaces,  the  level  into  the  unit  from  the  COU  calculates  to  be 
'21.3  dBm,  and  the  output  level  into  the  COU  calculates  to  be  -21.9  dBm.  Since 
the  amplifiers  in  the  COU  are  already  capable  of  driving  two  directions  of  a  40  mi 
mile  cable  system  simultaneously,  this  requirement  is  within  the  COU’s  capability. 
A  4 -wire,  full  duplex  interface  at  +00  ohms  impedance  level  is  added  for  this 
application. 
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The  RLGM  has  one  maintenance  orderwire,  and  was  designed  to  accept 
a  cable  from  the  COU  directly.  The  RMC  has  two  maintenance  orderwires,  one 
on  the  high  group  and  one  on  the  low  group.  They  operate  independently  and 
either  will  accept  a  COU.  The  GM  has  the  possibility  of  six  maintenance  order- 
wires  and  not  enough  connector  space  on  the  back  for  separate  connectors. 
Furthermore,  the  back  of  the  unit  is  not  easily  accessible.  Therefore,  a  com¬ 
mon  connector  must  be  cabled  to  an  orderwire  facility  such  as  an  orderwire 
control  unit.  The  RLGMCD  has  enough  room  for  two  separate  connectors, 
but  the  connectors  are  also  on  the  back,  so  order-wire  access  must  still  be 
through  the  orderwire  control  unit. 

Figure  2-20  shows  the  interface  between  the  COU  and  any  unit  having 
this  maintenance  orderwire. 

2.4  INTER  UNIT  TIMING 

There  are  a  number  of  general  rules  which  cover  timing  signals  between 
DGN.  units  and  other  units  in  the  system.  There  are  also  quite  a  few  excep¬ 
tions  and  special  cases  not  covered  by  these  rules.  We  will  first  state  the 
general  rules  and  then  investigate  the  significant  individual  cases. 

2.4.1  GROUP,  SUPERGROUP,  AND  MASTERGROUP  SIGNAL!. 

These  are  all  full  duplex  signals  carrying  data  and  related  timing  in 
both  directions.  The  data  is  balanced  NRZ  and  the  timing  is  a  balanced  square 
wave  having  a  frequency  equal  to  the  bit  rate.  Thev  go  in  the  same  direction 
between  units,  as  shown  in  Figure  4.  3,-13  of  MIL-STD-188-  100.  The  positive 
to  negative  timing  transition  is  centered  on  the  data  bits. 

2.4.2  DIPHASE  SIGNALS 

These  are  full  duplex  signals  with  data  and  timing  contained  in  the  same 
wa\  eform.  Conditioned  diphase  is  used  on  the  channel,  group,  supergroup,  and 
mastergroup  lines.  The  channel  signals  are  carried  balanced  on  WF-16  field 
wire,  which  may  be  extended  inside  shelters  using  RG-108.  The  group,  super¬ 
group,  and  mastergroup  signals  are  carried  unbalanced  on  CX- 1  1230  cable. 

2.4.3  STATION  CLOCK  SIGNALS 

These  are  signals  resembling  the  related  timing  signals  in  paragraph  2.4.  1 
abo\e.  However,  they  aie  not  related  to  a  data  signal.  Some  units  accept  a 
station  <Hock  as  an  option  and  use  it  to  time  the  transmit  output  data.  When  used, 
the  arrangement  is  as  shown  in  Figure  4.  1-10  of  MIL-STD-  1  88-  1  00,  although 
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the  station  clock  is  not  supplied  to  the  sink.  The  sink  must  use  either  the 
related  timing  or  a  diphase  data  signal.  In  the  DGM  units,  data  comes  into 
the  source  to  be  retimed.  Paragraph  4.  3.  1.  6.  3  of  MIL-STD-  188-100  permits 
the  phase  relationship  of  this  data  to  vary  by  +_  1  - 1  / 2  bits  due  to  delays  in  the 
wiring.  These  variations  are  essentially  static,  and  can  be  handled  by  auto¬ 
phase  circuits.  The  station  clock  negative  to  positive  transitions  command 
data  transitions.  These  data  transitions  are  allowed  to  occur  later  by  up  to 
12-1/2  percent  of  a  bit. 

2.4.4  TELEMETRY  CHANNEL  SIGNALS 

These  signals  are  2  kb/s  in  most  DGM  units.  The  MGM  is  the  exception, 
having  16  and  32  kb/s  rates.  All  telemetry  signals  supplied  to  the  DGM  units 
are  synchronous  to  the  system  clock,  but  there  is  no  guaranteed  phase  relation¬ 
ship.  The  phase  delays  depend  on  wiring,  and  are  static,  so  autophase  circuits 
can  solve  this  problem.  Autophase  circuits  can  be  designed  to  work  without 
a  related  timing  input.  This  solves  the  problem  of  receiving  telemetry  from 
the  KY-82  as  mentioned  in  paragraph  3.2.  1.  3.  3  of  the  TCCF  spec.  Therefore, 
no  timing  input  to  the  telemetry  channel  will  be  provided.  A  related  timing 
output  will,  however,  be  provided  with  the  telemetry  channel  data  output, 

2.4.5  MODEM  TIMING 

The  principle  timing  mode  of  the  GM,  RLGMCD,  and  the  CDM  is  to  use 
related  timing  for  the  transmit  traffic.  This  timing  is  the  only  one  guaranteed 
to  be  present  at  all  locations.  Related  timing  is  a  square  wave  at  the  traffic  rate 
as  mentioned  in  paragraph  2,4.  1.  The  Diphase  GM  and  CDM  also  have  the  capa¬ 
bility  of  using  timing  recovered  from  (he  received  cable  signal. 

This  loop-back  timing  capability  does  not  seem  to  be  needed  by  the  system. 

If  the  modems  are  at  a  node,  the  loop-back  cannot  be  used  because  the  incoming 
and  outgoing  timing  are  slightly  different.  If  the  modems  are  at  a  through  traffic 
point,  such  as  a  radio  to  cable  system  interface,  the  loop-back  timing  again  cannot 
be  used  because  the  radio  system  will  uuse  the  jitter  m  one  direction  to  be  different 
from  that  in  the  other  direction. 
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Loop-back  can  only  be  used  at  the  end  of  an  extension  facility,  or  at  certain 
TGM  locations,  where  sufficient  buffering  is  available  to  take  up  the  radio  jitter. 

At  these  facilities,  the  loop-back  must  be  in  th-  multiplexer  in  order  for  the 
multiplexer  to  operate.  If  there  is  a  TED  present,  the  multiplexer  loops  back  the 
RED  clock.  A  loop-back  of  the  BLACK  station  clock  must  also  be  made,  and  this 
is  provided  by  the  TED,  using  the  BLACK  station  clock  output  of  the  modem. 

Thus,  the  internal  timing  loop-back  in  the  modem  is  never  needed. 

The  bipolar  modem  cannot  use  station  clock,  because  the  TD-976  has  a  free- 
running  clock,  and  cannot  be  synchronized  to  a  station  clock.  The  dipulse  modem 
might  use  a  station  clock,  but  it  is  better  off  using  related  clock. 

The  system  orderwire  on  the  diphase  CM  requires  a  station  clock.  The 
system  orderwire  receives  signals  from  the  VINSON  buffer  at  16  kb/s  and  the 
telemetry  source  at  2  kb/s.  The  telemetry  source  might  be  an  LKG,  which  supplies 
no  timing.  Although  the  VINSON  buffer  in  the  CNCE  supplies  timing,  the  system 
orderwire  must  operate  with  either  the  2  kb/s  or  the  lb  kb/s  alone  as  well  as 
together.  Therefore,  a  timing  input  cannot  be  counted  on.  Deriving  the  timing 
from  the  traffic,  which  varies  from  72  to  4608  kb/s,  requires  too  much  circuitry 
for  the  GM.  Therefore,  a  station  clock,  one  per  modem  case,  is  required  for  the 
diphase  GM  system  orderwire.  The  station  clock  is  at  the  transmit  combined 
orderwire  rate  of  32  kb/s. 

2.4.6  MGM  TIMING 

The  MGM  is  required  to  use  station  clock  at  the  mastergroup  rate,  loop- 
back  timing,  or  a  free  running  internal  oscillator.  Again  there  is  a  problem  with 
the  TCCF.  If  it  cannot  provide  the  c).  36  or  18.72  MHz  station  clock,  an  alternate 
frequency  is  necessary.  A  32  kHz  station  clock  has  been  suggested.  In  the  final 
version,  the  MGM  is  able  to  accept  either  a  16  or  32  kHz  clock. 

2.4.7  TGM  TIMING 

The  TGM  is  required  to  use  external  station  clocK,  loop-back  timing,  or  one 
of  the  group  inputs.  The  external  station  clock  is  to  be  supplied  at  the  supergroup 
and  group  rates.  However,  it  only  needs  station  clock  at  the  supergroup  rate. 

Group  rate  station  clocks  will  not  be  accepted.  Related  timing  at  the  supergroup 
and  group  inputs  will  be  available  and  are  required.  The  group  input  to  be  used 
for  the  supergroup  output  will  be  group  one,  since  it  always  has  the  highest  group 
rate. 
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2.  5  TELEMETRY 

As  a  result  of  a  recommendation  by  the  TCCF  contractor,  the  150  b  s  local 
telemetry  has  been  removed  from  the  DGM.  Its  function  is  replaced  by  a  number 
of  alarms  and  the  use  of  the  2  kb/s  telemetry  channel  in  the  RLGM,  RMC,  LGM 
and  TGM.  The  new  philosophy  is  as  follows: 

a.  No  150  b/c  telemetry. 

b.  The  RLGM  and  RMC  have  a  permanent  internal  loop-back  of  the 
2  kb  s  telemetry.  The  subchannel  looped  back  is  the  one  that  the  present  spec: - 
ideation  designates  for  local  telemetry.  When  the  unit  is  in  SA  alarm,  the  tolemc 
subchannel  is  forced  to  "0". 

c.  The  LGM/LM  and  TGM  have  an  optional,  switch-controlled,  loop 
back.  In  the  "internal"  switch  position,  the  alarm  state  forces  the  looped  sub¬ 
channel  to  "0".  In  the  '  external''  switch  position,  the  alarm  state  forces  the  2  kb 
data  signal  coming  out  of  the  demultiplexer  at  the  connector  to  "0".  In  "external 
the  transmit  subchannel  transmits  whatever  is  put  into  its  input  connector.  A 
pull-up  at  this  input  will  force  the  transmit  subchannel  to  "1"  if  someone  forgets 
ro  connect  anything.  The  subchannel  on  which  all  this  occurs  is  the  one  that  the 
present  specification  designates  for  local  telemetry.  The  shifting  of  other  sub¬ 
channels  in  the  TGM  goes  on  as  before.  The  alarm  that  controls  the  subchannel 
is  SA,  not  S. 

d.  The  MGM,  CM,  Rl.GMCD  and  CDM  do  not  have  loop-hack. 

e.  Some  units  have  more  than  one  alarm.  The  definitions  of  the 

alarms  are: 

"S"  -  This  is  the  alarm  originally  called  for  in  the  specification 
It  :s  sometimes  referred  to  as  the  Bll’E  summary  alarm.  It  goes  into  the  alarm 
state  if  anything  is  wrong,  e.  g.  .  loss  of  frame,  loss  of  a  channel,  loss  of  power 
supply,  loss  of  interunit  signals  and  failures  of  the  internal  circuitry.  (Note  that 
includes  input  signals.  i'elemetr\  and  VINSON  inputs  are  excepted.  Channel 
signals  are  monitored  onl>  when  aoti\  ltv  is  expected,  i 

[.S'  -  Hus  is  an  alarm  that  indicates  a  loss  of  incoming  signal 

ik.e  CX-11210  cable.  Us  meaning  is  that  the  fault  is  outside  the  shelter.  It 
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assumes  the  normal  state  if  power  fails.  It  should  be  as  little  affected  by  failures 
within  the  ur.:t  as  possible. 

"SA"  -  This  is  an  alarm  that  includes  all  the  faults  of  S  except 
out  of  frame.  Furthermore,  it  is  inhibited  by  LS  on  those  units  which  have  an  LS 
alarm.  It  assumes  the  alarm  state  on  loss  of  power,  just  like  S.  Note  that  .t 
includes  loss  of  input  signals  on  the  equipment  side  interface,  just  like  S,  but 
since  SA  :s  inhibited  by  LS,  SA  does  not  include  input  signals  on  the  cable  (CX- 
1  1230)  side,  if  there  is  a  cable  side. 

"FS"  -  This  is  an  alarm  that  indicates  that  the  MGM  is  out  of 
frame.  The  assumption  is  that  most  causes  of  out  of  frame  are  outside  of  the 
shelter,  mamlv  in  the  transmission.  The  assumption  is  at  least  partially  true. 

:.  The  RLGM  and  RMC  generate  S  and  SA  alarms  with  external  con¬ 
nections  for  both.  See  paragraph  2.4h  for  definition  of  S  and  SA. 

g.  The  GM,  RLGMCD  and  CDM  have  S,  SA,  and  LS.  The  definitions 
above  are  straightforward  for  the  CDM,  but  the  other  two  units  need  some  further 
qualifications.  The  GM  and  RLGMCD  carry  more  than  one  group.-  The  unit  case 
has  only  one  each  S,  LS,  and  SA.  However,  the  inhibition  of  SA  by  LS  should  be 
done  on  art  individual  group  basis.  That  is,  if  Iht  leiters  without  subscript  refer 
to  the  unit  alarms  that  come  out  of  the  box,  and  the  letters  with  subcripts  refer 
to  the  alarms  sensed  for  an  individual  group: 


LS  -  LS  j  t  +  *  *  "  • 

SA  -  SA  j  t  SA^  +  .  .  .  . 

SA^  =  (internal  faults  t  equipment  side  input  faults  r  power  loss)LS^ 


In  setting  the  input  sensor  point,  there  is  another  important  issue. 
The  orderwire  signal  may  interact.  The  maintenance  orderwire  is  not  a  problem. 
If  there  is  a  loss  of  traffic  from  the  far  end,  and  the  sensor  is  right  at  the  cable 
input,  LS  will  be  n  the  alarm  state  most  of  the  time.  Occasionally  it  will  drop 
into  the  normal  state  when  someone  is  talking,  but  most  of  the  time  the  right 
answer  will  be  presented.  This  assumes  that  no  orderwire  signaling  scheme  uses 
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tone-on-while-idle  signaling.  However,  the  system  orderwire  on  the  GM  is  on 
all  the  time.  If  we  put  this  LS  sensor  right  at  the  input,  it  will  not  respond  to 
loss  of  traffic  alone.  If  we  put  the  LS  sensor  after  orderwire  separation,  it  will 
respond  to  an  internal  fault  in  the  circuitry  from  the  cable  input  to  the  separation 
point.  The  circuitry  involved  includes  an  amplifier.  It  has  been  decided  to  put 
the  sensor  at  the  input. 

All  three,  S,  SA,  and  LS  provide  external  connection. 

h.  The  LGM  and  TGM  have  S  and  SA.  One  difference  between  S  and 
SA  :r.  these  units  is  that  loss  of  frame  puts  S  in  alarm  and  not  SA.  Further,  the 
channel  BITE  on  the  LGM,  RLGM  and  RMC  should  not  produce  an  SA  alarm.  The 
problem  here  is  that  the  channel  BITE  is  only  effective  when  the  channel  is  active. 
Therefore,  a  fault  in  a  channel  will  produce  an  intermittent  alarm,  and  it  is  in  the 
normal  state  most  of  the  time.  The  channel  BITE  should  produce  an  S  alarm. 

S  does  not  leave  the  shelter,  and  if  an  operator  notices  repeated  alarms  on  S,  he 
can  call  for  the  switch  to  make  a  loop  test,  keeping  the  test  pattern  on  each  loop 
loo_  enough  for  him  to  locate  the  faulty  channel.  However,  SA  goes  into  a  remote 
con. outer.  It  may  cause  considerable  confusion  here  to  have  an  alarm  entered 
into  the  computer  which  alarm  gc^s  away  before  any  action  can  be  taken.  Both  S 
and  SA  provide  external  connc''tk  i. 

i.  The  MOM  has  S,  SA  and  FS.  The  intentions  are  straightforward. 
Ihc  u.nly  confusion  is  the  interact.  >n  between  FS  and  the  other  alarms.  Certainly 
a  loss  of  mastergroup  input  would  c  use  an  out  of  frame.  However,  the  MGM 

is  designed  so  that  loss  of  Supergroup  input  will  suppress  the  FS  Alarm.  Some 
circuitry  failures  in  the  framing  cards  would  cause  an  out  of  frame.  All  three, 

S,  SA  and  FS  provide  external  connection. 

2.6  FRAMING  COORDINATION 

The  framing  procedure  for  the  DGM  matches  that  of  the  TTC-39.  It  is  a 
cooperative  procedu-e,  and  the  handshaking  must  be  the  same  for  all  units  that 
interoperate.  The  individual  units  can  have  some  latitude  in  implementation, 
and  indeed  there  are  many  details  that  differ  between  processor  controlled  and 
hardwired  equipments.  However,  they  must  all  use  the  procedure  of  Figure  2-21. 
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Z-2.1.  Synchronization  Flow  Diagram 


In  Figure  2-21,  two  units  interoperate.  In  some  cases,  one  unit  would  be 
the  39  switch  and  the  other  a  member  of  the  DGM  family.  In  others,  both  could 
be.  members  of  the  DGM  family.  One  example  of  this  is  where  an  LGM  connects 
to  the  group  side  of  the  TGM.  The  LGM  and  the  group  circuit  of  the  TGM  inter¬ 
operate  in  this  fashion.  The  supergroup  of  the  TGM  interoperates  with  the  switch 
or  TCCF  independently  of  the  group  framing. 

In  the  DGM  family,  only  the  LGM  and  the  Group  and  Supergroup  sides  of 
the  TGM  use  the  TED  option. 

2.7  EQUIPMENT  SIDE  INTERFACES 

After  a  number  of  interchanges  between  the  various  contractors  and 
government  agencies  involved,  an  equipment  side  interface  has  been  agreed 
upon.  The  termination  is  dictated  by  the  TED  driver. 

In  order  to  be  compatible  with  the  TED,  the  termination  of  the  balanced 
signal  interface  must  be  100  ohms  center  tapped  to  ground.  Other  signals  may 
have  a  grounded  or  ungrounded  center  tap. 

The  revised  balanced  signal  interface  characteristics  are: 

a.  Driver  Output.  Line-to-line  voltage  minimum  as  measured  into 
100  ohms  shall  be  +100  mV  for  a  digital  "1",  -100  mV  for  a  digital 
’’O'  .  Polarity  shall  be  measured  on  the  pin  with  the  later  letter  in 
the  alphabet.  The  pin  with  the  carLer  letter  in  the  alphabet  shall 
be  used  as  the  reference.  The  differential  voltage  levels  in  this 
paragraph  shall  be  valid  for  operation  of  the  driver  into  a  load  whose 
center-tap  is  either  grounded  or  ungrounded.  The  maximum  voltage 
measured  from  either  line  to  ground  shall  not  exceed  +3  volts. 

b.  Line-to-line  voltage  maximum  measured  directly  into  a  100  ohms 
termination  shall  be  t4  volts. 

c.  Rise  and  Fall  Times,  For  rise  and  fall  times  measured  in  a  100  ohm 
resistive  dummy  load  at  the  driver  output  terminals,  see  Figure  2-22 
and  Table  2  -  1 . 
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Clock/Data  Phasing.  When  data  and  clock  are  related,  this  is  referred 
to  as  STD  INT  in  the  connector  tables.  See  Figure  2-22.  Another  type 
of  phasing,  referred  to  as  STD  EXT  in  the  connector  tables,  relates 
station  clock  into  the  data  output  of  the  unit.  In  this  case,  the  nega¬ 
tive  to  positive  transition  of  the  clock  shall  be  followed  by  the  data 
transition  within  +25%  of  the  data  unit  interval.  Polarity  shall  be  as 
described  in  a. 

Driver  Offset.  The  magnitude  of  the  generator  offset  voltage, 
measured  between  the  center  point  of  the  test  load  and  generator 
circuit  ground  shall  not  be  greater  than  3  volts. 

Signal  Balance.  When  the  binary  state  changes,  the  polarity  of  V 
(see  Figure  2-22)  shall  be  reversed  (V  ).  The  magnitude  of  the 
difference  in  the  magnitudes  of  Vj.  and  V  shall  be  less  than  10%  of 

VF 

Ringing.  When  100  ft  of  RG-108  A/U  cable  terminated  in  a  78  ohm 
dummy  load  is  connected  to  the  driver  output,  the  waveform  at  the 
line  output  shall  not  overshoot  its  final  value  by  more  than  15%. 
Undershoot  shall  not  reduce  the  signal  to  less  than  87  mV. 

Slew  Rate.  When  100  feet  of  RG-108  A/U  cable  terminated  in  a  78 
ohm  dummy  load  is  connected  to  the  driver  output,  the  transition 
between  +_40  mV  (either  direction)  shall  take  no  more  than  10  ns  for 
group  data  and  timing  signals  and  station  clocks,  and  100  ns  fox- 
digital  orderwire  data  and  timing  signals  at  2,  16,  and  32  kb/s. 

Receiver  Sensitivity.  The  receiver  shall  deliver  the  proper  digital 
output  when  a  line-to-line  voltage  of  +  50  mV  for  a  digital  1  '  or 
-50  mV  for  a  digital  "0"  is  applied  at  the  receiver  input  terminals. 

Input  Load  Impedance.  100  ohms  0%  line-to-line.  Group  rate 
data,  clock,  and  timing  inputs  shall  be  center  tapped  to  ground;  all 
others  may  float. 
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TABLE  2-1 

SIGNAL  CHARACTERISTICS 


RAYTHEON 


Maximum 
Bit  Rate 

32  kb/s 
576  kb/s 
5.  0  Mb/s 
18.  72  Mb/s 


Delays  Ns, 
Maximum 

+  1500 
+  240 
+  29 


Rise  or  Fall  Times, 
Ns  Maximum 

3000 


Clock  Width 
Tolerance 
Ns  Maximum 

+  1500 
+  120 
+  15 


k — Tr — ► 


M  Tr 


Nominal  Data  Bit  Time  -  1/Bit  Rate 

Clock  Pulse  Width  -  T^/2,  nominal.  Tolerance  per  Table  2-1 
Logic'  1  Delay  -  Per  Table  2-  1 
Logic  0  Delay  ~  Per  Table  2- '■ 

Rise  Time  10  -  90"o  -  Per  Table  2-1 
"all  Time  10  -  90,;'  Per  Table  2-1 

Figure  2-22.  Balanced  Signal  Waveshapes 
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k.  Protection.  The  driver  and  receiver  shall  withstand  without  damage 
either: 

Short,  any  line  to  ground 
Short,  line  to  line 

Misconnection,  to  another  line  carrying  a  signal  covered  by 
paragraph  a. 

2.7.1  SLEW  TIME 

The  TED  interface  document,  TT-A3-9008-0024  requires  that  the  slew 
time  be  limited  to  prevent  the  balanced  line  receivers  irom  oscillating.  The 
requirement  is  that  the  signal  should  get  through  the  region  from  -40  mV  to 
+  40  mV  (either  direction)  in  less  than  10  ns.  Some  of  the  DGM  equipments 
did  not  meet  this  requirement  because  of  filter  pins  put  on  the  units  to  meet 
TEMPEST  and  EMI  requirements.  One  unit,  the  LGM,  did  not  meet  in 
because  of  the  line  driver  used  (AMD  2616)  which  has  a  controlled  slew  rate. 

Experiments  with  the  TED  were  made  to  find  out  if  the  spec  requirement 
was  really  necessary.  At  the  maximum  LGM  rate  of  576  kb/s,  the  tolerance 
of  the  TED  was  reached  with  a  280  ns  slew  time.  This  long  a  slew  time  means 
that  a  single  data  1  or  0  barely  crosses  the  triggering  point  of  the  line  receiver, 
so  that  actually  the  TED  only  malfunctioned  when  the  amplitude  was  inadequate. 
At  the  TGM  maximum  rate  of  4608,  the  maximum  slew  time  was  20  ns.  Again, 
the  amplitude  is  affected  by  such  a  long  slew  time. 

It  would  appear  that  the  10  ns  requirement  is  unrealistic.  That  there  is 
a  slew  time  problem  somewhere  can  be  demonstrated  by  the  fact  that  the  TED 
line  receivers  oscillate  under  both  open  circuit  and  short  circuit  conditions. 

NSA  later  confirmed  that  the  10  ns  requirement  can  be  relaxed. 

However,  Raytheon  and  the  government  have  not  relaxed  this  require¬ 
ment.  This  is  because  the  slew  time  affects  diphase  asymmetry  as  discussed 
in  par  2.8.  The  slew  specification  remains  at  10  ns  for  all  signals  that  could 
drive  the  GM  traffic  port,  where  the  asymmetry  problem  originates. 

The  55107  line  receivers  used  in  the  DGM  program  also  have  a  slew  time 
problem.  Experiments  have  shown  that  the  slew  tolerance  varies  from  about 
150  ns  to  400  ns  depending  on  how  much  extraneous  noise  is  present  on  the 
line.  Therefore,  the  Raytheon  1CD,  910669,  calls  for  the  digital  signals  at 
rates  of  32  kb/s  and  below  to  have  slew  times  of  less  than  100  ns. 
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2.  8  103  MODEM 

The  103  Modem  is  the  functional  equivalent  of  the  present  Group  Modem, 
but  it  is  designed  to  pass  group  traffic  over  the  AN/GRC-103  radio  instead  of 
CX-11230  cable.  In  addition  to  the  group  traffic,  the  103  Modem  provides  a 
Digital  Voice  Orderwire  (DVOW),  a  Data  Orde.’  .vire  (DOW),  and,  in  cooperation 
with  the  radio,  an  Analog  Voice  Orderwire  (AVOW).  All  orderwires  and  the 
group  traffic  are  usable  simultaneously. 

The  103  Modem  is  a  baseband  modem  only.  The  rf  modulation  and  demod¬ 
ulation  are  performed  by  the  rad’o.  The  103  Modem  sends  NRZ  data  at  two  ratts 
to  the  radio  and  receives  from  the  radio  a  video  signal.  The  video  signal  is  a 
filtered  version  of  the  NRZ  data  with  added  noise  and  AVOW.  In  the  case  of  the 
higher  rate,  1280  kb/s,  the  video  signal  is  a  biternary  wave,  In  the  case  of  the 
lower  rate,  the  video  signal  is  a  binary  wave. 

The  modem  regenerates  the  digital  portion  of  the  video  signal,  separates 
the  AVOW,  and  sends  the  recovered  AVOW  signal  back  to  the  radio. 

2.8.1  REQUIREMENT  DOCUMENTS 

The  requirements  for  the  103  Modem  are  set  down  in  TT-B 1  -2202 -00 1  3A 
W/SCN  11  as  modified  by  ECP  PM-007C1. 

2.8.2  CONFIGURATIONS 

The  configurations  of  the  103  Modern  and  the  shelters  in  which  it  is  used  - 
are  primarily  determined  by  the  requirement  for  encrypted  frame.  The 
103  Modem  can  be  used  without  encrypted  frame,  and  this  simpler  configuration 
is  derived  from  the  encrypted  one  by  putting  bypass  cables  in  place  of  the  TED 
connections.  At  the  equipment  side,  group  data  and  related  timing  are  exchanged 
with  the  adjacent  unit,  no  matter  what  unit  that  is.  No  other  timing  signals  are 
us  ed. 


2-53 


RAYTHEON  COMPANY 

lRAYTHEONj 

EQUIPMENT  DIVISION 

2.  8.  2.  1  Shelter  Configurations 

The  103  Modem  can  be  used  in  multiplex  shelters  such  as  the  AN/TRC-173, 
and  radio  repeater  shelters  such  as  the  AN/TRC-174.  The  multiplex  shelter  is 
the  end  of  the  line  at  least  for  the  group  to  be  considered.  Entry  to  the  mux 
shelter  on  this  group  side  can  be  either  on  cable,  thus  becoming  a  cable  terminal, 
or  on  radio,  thus  becoming  a  radio  terminal.  The  repeater  shelter  can  operate 
as  a  radio-to -radio  repeater  or  a  cable-to -radio  repeater.  It  might  be  used  as  a 
cable-to-cable  repeater,  but  none  of  the  timing  or  crypto  aspects  of  the  103 
Modem  are  influenced  by  this  case. 

Figure  2-23  shows  the  significant  cases.  Both  radio  and  cable  terminals 
are  shown  because  the  cable  terminal  crypto  arrangement  must  be  con¬ 
sidered  in  the  103  Modem  system  design,  even  though  the  103  Modem  is  not  used 
there.  The  radio -to -cable  repeater  is  shown  both  forward  and  backward,  because 
it  is  asymmetric. 

The  top  line  of  2-23  shows  the  CNCE  and  a  cable-to-radio  repeater  where 
the  cable  side  faces  the  node.  If  there  is  a  SRWBR  link  present  at  the  node,  this 
has  no  effect  on  the  timing  or  crypto  arrangements  (at  least  on  the  group).  The 
group  leaves  the  first  line  on  radio  and  could  jump  to  any  of  the  other  three  lines. 

The  second  line  is  the  radio-to-radio  repeater.  This  is  designed  to  be 
completely  symmetrical  (at  least  for  the  group).  The  radio  path  out  of  the  second 
line  could  jump  to  either  of  the  next  two  lines. 

The  third  line  shows  a  radio  terminal.  The  group  considered  stops  here. 

If  there  is  an  application  for  encrypted  subgroups  beyond  this  point,  that  is  a 
story  for  another  day. 

The  fourth  line  shows  a  radio-to-cable  repeater  and  a  cable  terminal. 

This  kind  of  repeater  is  asymmetric,  but  the  timing  and  crypto  arrangements 
will  be  designed  so  that  the  repeater  is  reversable  without  any  internal  change 
to  the  group  signals  and  liming.  It  can  be  seen  that  the  cable-to-radio  repeater 
on  the  first  line  is  the  mirror  image  of  the  radio-to-cable  repeater  on  the  rourth  line. 

The  arrangements  of  Figure  2-23  were  made  to  provide  not  only  the  re¬ 
quired  e::cr\ pted  frame,  but  also  these  important  features: 
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a.  The  group  equipment  side  interface  of  the  103  Modem  is  BLACK. 
As  a  result,  no  plain  text  appears  on  any  CX-1  1230  cable. 

b.  Maximum  isolation  between  BLACK  Station  Clocks  (BSC)  and 
RED  signals  is  provided. 

The  principle  consequence  of  all  this  is  that  the  group  is  doubly  encrypted 
on  the  radio  and  singly  encrypted  on  the  cable.  We  have  tried  to  eliminate  the 
double  encryption,  but  that  required  a  special  unit  between  the  103  Modem  and  the 
cable  modem  to  resynchronize  the  TED  required  at  that  point.  A  TGM  in  the 
single  group  mode  might  be  used  for  this  special  unit.  The  addition  of  the  TGM 
was  rejected  in  favor  of  the  double  encryption. 

2.  8.  2.  2  BSC  Arrangements 

To  understand  the  BSC  and  crypto  arrangements,  the  multiplex  and  modem 
proper,  both  parts  of  the  103  Modem,  are  shown  separately.  In  the  top  line,  the 
repeater  faces  the  node  on  the  cable  side  (see  Figure  2-23).  Timing  comes  in 
through  the  GM  at  the  group  rate.  In  order  to  provide  maximum  timing  purity, 
the  BSC  for  the  TED  must  be  derived  from  this  in  a  timing  multiplier  in  the 
BLACK  part  of  the  103  mux  section.  The  multiplier  must  take  the  various  timing 
rates  (128  to  1152  kHz)  and  multiply  them  up  to  640  or  1280  kHz,  because  this 
TED  works  at  the  radio  rate. 

On  the  second  line  of  Figure  2-23,  the  radio-to- radio  repeater  is  shown. 
Here  the  BSC  for  the  TED's  is  also  derived  by  the  multipler.  A  separate  BSC 
for  radio  repeaters  was  found  to  be  unnecessary. 


At  the  radio  terminal  on  line  three  of  Figure  2-23.  there  are  two  crypto 
units.  The  left  hand  one  protects  the  103  Modem  frame.  It  gets  its  BSC  from 
the  modem  section.  This  results  in  a  timing  loop-back  on  the  BLACK  side  of 
this  crypto.  The  other  crypto  protects  the  TGM  or  LGM  frame.  It  gets  BSC 
from  the  BLACK  part  of  the  103  mux  section.  This  BSC  is  at  the  group  rate. 

The  repeater  arrangement  on  line  four  of  Figure  2-23  is  the  mirror  image 
of  the  arrangement  on  line  one.  The  cable  terminal  arrangement  is  the  same  as 
that  already  used  for  the  GM. 
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2.  8.  2.  3  Crypto  Sync  Arrangements 

The  first  level  of  encryption  involves  the  cryptos  at  the  CNCE  and  at  the 
terminal.  Thus  TED  1  works  with  TED  6  or  TED  8.  TED  6  or  TED  8  receives 
resynch  commands  from  either  the  TGM  or  the  LGM,  as  applicable. 

The  second  level  of  encryption  is  on  a  radio  link  by  radio  link  basis.  Thus 
TED  2  works  with  TED  3  or  TED  7,  etc.  These  cryptos  receive  resync  com¬ 
mands  from  the  mux  section  of  the  103  Modem. 

2.  8.  2.4  DVOW  and  DOW 

The  DVOW  is  a  16  kb/s  channel  synchronous  to  the  group  data.  It  uses  the 
VINSON  as  an  end  instrument,  a  self- synchronous  device.  A  buffer  is  provided 
in  another  unit,  the  OCU,  which  provides  synchronization.  The  103  Modem  pro¬ 
vides  16  kb/s  receive  data  to  the  OCU  with  related  16  kHz  timing.  The  OCU 
needs  this  timing  signal  to  operate  its  signaling  detectors.  The  VINSON  does  not 
accept  a  timing  input.  The  103  Modem  accepts  16  kb/s  transmit  data  without 
timing.  It  has  an  autophc.se  circuit  at  its  input  because  there  is  no  known  phase 
relationship  between  the  VINSON  buffer  output  and  the  group  data.  The  VINSON 
buffer  needs  timing  synchronized  to  the  group  data  in  order  to  do  its  synchroniz¬ 
ing,  so  the  transmit  part  of  the  103  Modem  provides  a  16  kHz  timing  to  the  OCU 
for  this  purpose.  Summing  up,  the  103  Modem  puts  out  and  accepts  16  kb  data. 

It  puts  out  two  16  kHz  timing  signals,  one  related  to  the  received  16  kb  data,  and 
one  synchronized  to  the  transmit  group  data. 

The  DVOW  signal  into  the  103  Modem  goes  through  the  TED,  thereby  be¬ 
coming  doubly  encrypted  on  the  radio  links. 

The  DOW  is  a  2  kb/s  channel  synchronous  to  the  group  data.  The  OCU  is 
the  source  of  this  signal.  The  103  Modem  provides  2  kb/s  receive  data  to  the 
OCU  with  related  2  kHz  timing.  The  103  Modem  accepts  2  kb/s  transmit  data 
without  timing.  The  103  Modem  also  provides  2  kHz  transmit  timing.  This  is 
necessary  because  the  103  Modem  might  work  without  encrypted  framing.  If  the 
framing  is  not  encrypted,  the  DOW  must  be  encrypted  with  a  DLED.  The  DLED 
needs  transmit  timing  from  the  103  Modem.  If  the  DLED  transmit  timing  comes 
from  the  transmit  section  of  the  modem,  potential  problems  due  to  the  difference 
between  transmit  and  receive  frequencies  are  eliminated.  In  this  eise,  DLED's 
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will  be  present  on  the  DOW.  The  DLED  timing  arrangement  requires  that  timing 
come  from  its  BLACK  side.  This  could  be  either  transmit  or  receive  timing  from 
the  103  Modem,  but  using  transmit  timing  gives  the  DOW  system  better  immunity 
from  other  equipment  failures.  Summing  up,  the  DOW  interface  is  electrically 
the  same  as  the  DVOW  interface,  transmit  data  in,  receive  data  out,  and  both 
transmit  and  receive  timing  outputs. 

When  the  DOW  goes  through  the  TED,  DELD's  need  not  e  used. 

2.8.3  ASSIGNMENT  OF  SIGNALS  TO  CONNECTORS 

The  radio  side  interfaces  are  simple.  The  digital  signal  is  carried  in 
coax  in  both  directions.  It  is  planned  to  use  separate  BNC  connectors.  The 
AVOW  interface  consists  of  one  pair  for  recovered  orderwire  and  one  pair 
for  control  in  each  module.  Ail  four  pairs  will  be  in  one  multi-pin  connector. 

Figure  2-24  shows  a  block  diagram  of  the  103  Modem  with  these  signal 
lines  identified  as  well  as  the  equipment  side  signals. 

In  particular,  Table  2-2  3  shows  the  allocation  of  signals  to  connectors. 

2.8.  4  ELECTRICAL  INTERFACES 

The  Group  data,  timing,  and  BSC;  DOW  and  DVOW  data  and  timing;  and 
all  signals  going  to  the  TED  ate  balanced  signals  with  100  ohm  terminations. 

They  conform  to  ICD  91066b,  paragraph  1.  1. 

Figure  2-25  shows  a  simplified  diagram  of  the  C-RC-103  radio  interfaces. 

I  he  video  input  impedance  is  41  ohms.  The  103  Modem  delivers  a  fixed  level 
of  2V  p-p  to  the  radio.  The  radio  is  specified  to  give  the  required  deviation 
with  any  input  from  1  to  4V  p-p.  The  radio  has  two  outputs,  either  one  of  which 
i  mild  be  used.  We  have  used  the  video  one,  which  will  give  IV  p-p  into  91  ohms 
for  a  deviation  of  t300  kHz,.  The  modem  operates  over  a  range  from  1/2  to 
2V  p-p.  This  range  can  be  accommodated  without  a  pot. 
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The  radio  orderwire  input  from  the  modem  expects  a  nominal  -4  dBm  into 
600  ohms.  The  radio  termination  is  unbalanced.  We  feel  that  an  unbalanced 
line  is  risky,  a  balanced  interface  is  presented  which  can  be  grounded  at  the 
radio  end.  Therefore,  at  least  some  noise  rejection  is  achieved.  We  thus 
have  a  fixed  gain  in  the  mouem. 

Alarm  interfaces  are  contact  closures,  with  closure  representing  the 
alarm  state. 

The  frame  squelch  is  in  accordance  with  ICD  910669,  paragraph  1,9. 

The  TED  control  is  the  Resync  Command  line  per  TT-A3-9008-0024, 
using  the  balanced  option.  Rcsync  achieved  is  not  required. 
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Table  2.  8-1.  103  Ivlodem  Connectors 


Equipment  Side  Group  1 


Signals: 

Xmt  Data 
Xmt  Tim 
Rev  Data 
Rev  Tim 
BSC 


Recommended  Cable:  Minimum  Number  of  Pins: 

5  Shielded  Twisted  Pair  15 


Side  Group  2 


Identical  to  J1 


DVOW  I  and  2 


Signals  (2  each):  Recommended  Cable: 


Minimum  Number  of  Pins: 


Xmt  Data 
Xmt  Tim 
Rev  Data 
Rev  Tim 


8  Pairs,  Overall  Shield 


DOW  1  and  2 


Identical  I  o  J  3 


TED  RED  1  and  2 


Signals  (2  each):  Recommended  Cable: 


Minimum  Number  of  Piiu 


TPT 

RSC 

RPT 

RPTC 


8  Shielded  Twisted  Pair 
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Table  2.  8-1.  103  Modem  Connectors  (Continued) 


J6  TED  BLACK  1  and  2 

Signals  (2  each):  Recommended  Cable:  Minimum  Number  of  Pins: 

TCT  10  Shielded  Twisted  Pair  30 

BSC 

RCT 

RCTC 

Re  sync  Command 
J7.  AVOW  1  and  2 


Signals  (2  each): 

Recovered  OW 
OW  Control 

J8.  Alarms  and  Squelch 
Signals: 

S 

SA 

RS 

Squelch  1 
Squelch  2 

"s 


Recommended  Cable: 

4  Pairs,  Overall  Shield 

Recommenced  Cable: 

5  Pairs,  Overall  Shield 


Minimum  Number  of  Pins: 
9 

Minimum  Number  of  Pins: 
11 


J9. 

To  Radio  1 

J  10. 

To  Radio  ° 

>  i 

Jll. 

From  R.'r'i  >  i 

J 1  2. 

From  Radio  2 

J 

J 1  3. 

Power 

J  1  4. 

To  Radio  1  EUROCOM 

J 1  5. 

To  Radio  2  EUROCOM 

J  1  6. 

Timing  Group  1 

>  All  BNC's  with  91  ohm  cable 


BNC's  with  91  ohm  cable 


BSC  1 
BSC  In 

J  1 7.  Timing  Group  2 

_ Identical  to  J 1 6 


2  Shielded  Twisted  Pair 
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2.  2.  5  VIDEO  SIGNAL  CHARACTERISTICS 

The  GRC-103  radio  was  designed  to  handle  1152  kb/s  on  a  biternary  basis 
and  576  kb/s  on  a  binary  basis.  In  order  to  get  the  DVOW  and  DOW  over  the 
radio,  we  are  going  to  use  TDM.  This  increases  the  bit  rates  to  1280  and  640, 
respectively. 

Therefore,  we  may  widen  the  baseta  id  by  11  percent.  This  can  be  done  i 
either  in  the  modem  transmit  section  (pre-equalization)  or  the  modem  receive 
(post-equalization)  section.  Pre-equalization  will  give  the  best  radio  range,  but 
it  spreads  the  spectrum  slightly.  Post-equalization  will  reduce  the  radio  range. 

Since  this  is  an  FM  radio,  its  output  noise  spectrum  is  triangular.  Therefore,  if 
we  change  the  receiver  baseband  width  only,  the  variation  of  noise  power  with 
bandwidth  is  30  dB  per  decade.  An  11  percent  increase  in  bandwidth  translates 
into  a  1.4  dB  increase  in  noise. 

Figure  2-26  shows  the  measured  error  rate  performance  of  the  old  TD-202, 
taken  under  laboratory  conditions.  This  eliminates  temperature  and  radio  output 
level  variations.  It  is  proposed  to  put  the  103  Modem  specification  points  as  | 

indicated  in  Figure  2-26.  This  will  allow  for  post-equalization,  temperature 
variations,  and  permit  elimination  of  a  modem  input  pot. 

2.  8.  6  BEHAVIOUR  DURING  DEGRADED  CONDITIONS 

2.  8.  6.  1  Fades 

For  iades  of  30  msec  or  less,  the  modem  receive  timing  and  demux  frame 
will  maintain  BCI.  The  30  msec  time  is  interpreted  to  mean  a  time  during  which 
the  modem  receiver  is  without  any  input  information  whatever.  This  means  that 
in  a  true  fading  condition,  BCI  will  be  maintained  over  much  longer  fades.  This 
is  because  there  is  usually  a  large  signal  range  between  the  median  received 
signal  level  ana  the  signal  level  at  which  the  timing  recovery  loses  lock.  The 
true  outage  time  tolerance  depends  on  the  fade  rate. 

As  the  signal  fades,  the  modem  may  take  several  actions,  depending  on 
length  of  fade: 

a.  It  generates  a  frame  squelch.  This  is  useful  only  if  the  multi¬ 
plexer  is  in  the  same  shelter,  i.  e.  ,  at  a  radio  terminal. 
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(X)  103  MODEM  LIMITS 

Figure  2-26  TD-202  Measured  BER  Performance 

b.  It  operates  the  RS  alarm  sensor.  The  alarm  itself  will  wait 
(  about  one  second. 

I 

c.  It  initiates  the  receive  orderwire  circuit  to  the  radio.  The 
modem  orderwire  separator  makes  the  S/N  in  the  orderwire  worse  instead  of 
better  if  the  error  rate  is  very  high.  The  actual  transfer  is  displayed  30  ms. 

If  the  fade  is  long  enough  so  that  the  modem  mux  loses  frame, 
further  action  will  take  place: 

d.  The  group,  DVOW,  and  DOW  data  outputs  go  to  all  l's.  It  is 
necessary  to  do  this  for  the  DVOW  because  the  OCU  and  CNCE  have  digital 
bridges  which  are  siezed  by  activity.  If  a  faded  DVOW  channel  were  connected 
to  the  bridge,  it  would  sieze  the  bridge  and  lock  out  any  good  channels.  Treating 

y  the  group  and  DOW  data  signals  is  not  necessary,  but  we  will  plan  to  put  the 

'  feature  in  just  in  case.  The  related  timing  signals  will  be  left  running.  The 

2  kHz  DOW  timing  is  not  usable  during  search.  The  16  kHz  DVOW  timing  is 
usable,  as  it  may  be  used  by  other  units  such  as  the  OCU. 
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e.  For  very  long  fades,  the  received  timing  signals  will  reach 
their  free-running  stability.  This  should  be  no  more  than  15  ppm  off  nominal. 

This  will  permit  degraded  DVOW  and  DOW  operation  from  an  OCU  utilizing 
the  16  KHz  timing  signal. 

2.  8.  6.  2  Equipment  Failure 

If  the  equipment  that  fails  is  the  remote  radio,  the  failure  will  appear  to 
the  modem  as  a  long  fade.  BCI  will  of  course  be  lost,  and  actions  a.  through  e. 
will  be  taken.  There  will  be  plenty  of  time  for  the  RS  alarm  to  operate.  If  the 
remote  radio  loses  its  modulation  for  any  reason,  the  reaction  of  the  modem  is 
the  same.  The  modem  looks  for  the  digital  signal  in  the  radio  output.  A  radio 
receiver  with  no  carrier  puts  out  a  large  noise  signal,  but  the  modem  rejects 
this  just  like  it  would  a  quiet  circuit. 

When  there  is  no  digital  signal  into  the  modem  from  the  radio  receiver,  a 
number  of  BITE  sensors  inside  the  modem  will  indicate  failure.  The  RS  alarm 
will  then  go  on.  SA  alarm  on  the  same  modem  module  however,  will  be  sup¬ 
pressed.  However,  if  RS  is  generated  by  one  modem  module  while  there  is  a 
real  internal  failure  in  the  other  modem  module,  the  SA  alarm  will  be  generated. 

There  is  a  frame  sensor  on  the  modem  demux.  The  question  is:  What 
alarms  should  be  generated  if  there  is  a  digital  signal  incoming  (no  RS  alarm) 
but  the  demux  is  out  of  frame7  Other  DGM  multiplexers  will  not  give  SA.  alarm 
on  the  grounds  that  most  out  of  frame  conditions  are  due  to  transmission  failures. 
Given  that  there  is  no  RS  alarm,  most  transmission  failures  are  discounted.  An 
out  of  frame  condition  could  be  due  either  to  a  demux  fault  or  the  remote  modem's 
mux  fault.  Since  the  demux  frame  circuit  is  more  complex,  the  probability  is 
higher  that  the  demux  is  at  fault,  but  not  a  great  deal  higher.  We  will  include  out 
of  frame  in  the  SA  alarm. 

If  the  equipment  that  fails  is  in  the  path  driving  the  modem's  equipment 
side  group  input,  the  modem  takes  actions  which  depend  on  whether  the  tinning 
signal  fails  along  with  the  data.  The  timing  signal  that  matters  is  the  one  that 
runs  the  transmitter,  and  this  is  different  in  different  configurations.  It  could 
be  the  related  timing  or  loop  timing.  (Failure  in  loop  timing  is  a  failure 
internal  to  the  modem.  ) 
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If  the  modem  is  using  loop  timing,  and  it  does  not  fa.l,  the  modem 
will  accept  any  signal  still  present.  That  is,  failures  in  the  digital  orderwires 
and  the  group  traffic  are  independent.  The  orderwires  only  need  data  in,  while 
the  group  needs  data  and  timing. 

If  the  modem  is  using  related  timing,  the  failures  are  independent  among 
the  digital  orderwires  and  group  traffic  only  if  the  related  timing  does  not  fail. 

No  matter  which  of  the  two  timing  sources  is  used,  if  the  timing  fails, 
there  is  a  failure  or  degradation  of  more  than  one  signal.  In  addition,  if  the 
BSC's  have  no  termination  or  cable  connected,  the  operation  of  the  modem  shall 
not  be  adversely  affected.  There  is  a  P.LO  in  the  transmitter  which  will  take  over 
^p  era.  tier.  of  the  modem.  Its  stability  is  about  1_1  5  ppm,  not  enough  to  carry  group 
traffic,  but  enough  for  the  digital  orderwires  with  some  degradation.  The  DOW 
may  loose  BCI  every  33  seconds  depending  on  the  OCU  configuration.  This  is 
enough  to  get  the  telemetry  data  through,  as  that  repeats  every  1.  3  seconds.  The 
DYOW  will  loose  BCI  every  4.2  seconds.  Tl.’S  will  give  very  poor  transmission. 
However,  if  the  OCU  uses  the  16  kHz  timing  from  the  modem  transir.it  section, 

BCI  will  be  maintained  as  far  as  the  rest  of  the  system  tracks  this  degraded  timing. 
This  would  usually  be  as  far  as  the  top  of  the  hill  at  the  node,  and  will  always  be 
at  least  as  far  as  the  next  shelter. 

2.  8.  6.  3  Outage  Sensing 

If  the  actions  of  paragraph  2.8.6  are  to  be  taken,  sensors  must  decide  when 
the  signa1  is  poor  enough  to  take  action.  An  activity  detector  on  the  video  input 
is  useless,  because  a  faded  FM  receiver  gives  a  large  noise  output.  Character¬ 
istics  of  the  video  signal  itself  must  be  sensed,  and  there  are  two  candidates: 
timing  and  framing. 

Timing  is  sensed  by  a  narrow  filter  at  the  output  of  the  zero  crossing 
detector.  The  ampLtude  of  the  output  is  nearly  constant  for  all  useful  S/N  ratios, 
but  falls  below  a  S  /  X  of  12  dB.  This  kind  of  sensor  is  not  very  precise,  because 
there  is  amplitude  modulation  of  the  filter  output  due  to  data  activity.  However, 
it  gives  sensing  at  the  earliest  reliable  point  in  the  modem  receiver. 

The  demux  frame  circuit  is  simpler  in  thvt  mo  it  of  the  circuitry  is  required 
anyway.  Its  drawback  is  that  it  senses  well  back  in  the  modem  receiver,  even 
behind  the  TED.  However,  it  is  a  good  sensor  for  the  frame  inhibit  signal  and 
the  DYOW  and  DOW  squelch.  Certainly,  if  the  modem  lemux  is  out  of  frame, 
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the  group  and  digital  orderwires  are  useless.  Furthermore,  the  demux  will 
sense  the  outage  faster  than  the  LGM  or  TGM,  so  the  inhibit  will  catch  them. 
The  inhibit  signal  will  not  wait  30  ms  like  the  frame  search  does. 

If  there  are  no  failures  within  the  modem  or  the  TED,  the  demux  frame  is 
the  best  place  to  tie  the  RS  alarm  and  the  orderwire  control  because  the  indica¬ 
tion  if  more  reliable.  However,  these  failures  are  important,  and  we  will 
use  the  timing  sensor  for  the  alarm  and  control.  This  means  that  on  slow 
fades  we  will  be  uncertain  about  the  operating  point  of  the  alarms  and  will 
get  a  bounce  condition. 

The  bounce  condition  causes  no  system  trouble.  What  happens  is  that 
the  sensor  output  will  flicker  on  and  off.  It  cannot  be  reported  to  the  OCU 
unless  the  flickering  persists  for  at  least  1  second,  and  if  it  does  persist,  it  is 
proper  to  report  the  alarm.  The  1  second  delay  is  provided  by  the  BITE 
card. 
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2.8.7  FRAME 

Figure  2-27  shows  the  frame  formats.  They  have  been  chosen  to 
give  the  simplest  relationships  between  blocks  and  frames  and  between  dif¬ 
ferent  rates  and  minimum  buffers  size.  For  the  biternary  signals,  the 
frame  code  is  three  adjacent  bits,  alternating  between  Ml  and  000.  The 
frame  rate  is  16,000  per  second,  giving  80  bits  per  frame.  The  DVOW  bit, 
marked  V,  follows  the  data  block  after  the  111,  and  the  DOW  bit,  marked  T, 
follows  the  data  block  after  the  000.  The  group  data  is  carried  in  18  bit 
blocks.  With  1024  Kb  traffic,  two  bits  of  these  blocks  are  filled  with  dummy 
bits,  21  after  the  111  frame  and  10  after  the  000  frame. 

The  binary  cases  use  a  single  bit  frame  code  altering  between  1 
and  0.  The  traffic  is  carried  in  9  bit  blocks  which,  in  the  512  Kb  case  is 
filled  with  a  dummy  bit,  0  in  every  block.  The  frame  rate  is  again  16,000 
per  second  with  40  bits  per  frame.  Modulation  of  the  group  data  within  the 
blocks  is  used  so  that  the  performance  of  the  radio  and  the  regenerator  will 
be  just  as  good  with  unencrypted  groups  as  the  encrypted  ones.  Table  2-24 
shows  this  modulation  as  well  as  the  multiple  sampling  pattern  used  for 
288  Kb  and  less.  The  288  Kb  case  takes  two  blocks  to  repeat  because  there 
are  nine  bits  in  a  block. 
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Figure  2-27  AN/GRC-103  Modem  Frame 
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Table  2.  8-2.  Group  Data  Modulation 


Bit  Rate, 
kb/ s 

Group  Bits 
in  Block 

Modulation 

1152 

18 

D1  °2  D3  D4  *  ‘  *  D17  D1 8 

1024 

16 

D1  °2  D3  °4  *  *  *  D1 5  °16 

576 

9 

D1  D2  °3  °4  ’  *  *  D8  °9 

512 

8 

D1  °2  D3  D4  *  *  ‘  °7  D8 

288 

9 

Di  Dj  D2  D2  ...  D^  Dg  (OH)  Dj.  D^  D^  D^  .  .  .  Dq  Dq 

256 

8 

D1  D1  D2  °2  *  *  *  D4  °4 

D1  ^1  °1  D1  D2  D2  °2  D2 

f 

128 

8 

The  DOW  bit  is  also  modulated.  The  modulation  is  the  same  as  used  in  the 
GM:  The  data  is  EXCLUSIVE  OR'd  with  a  16  kHz  square  wave  which  is  set  low  at 
the  DOW  bit  transition  time. 

These  frame  formats  are  immune  to  false  loc.  if  the  group  is  all  l's  or  all 
0's  and  the  digital  orderwire  channels  are  idle  or  active.  Furthermore,  the  frame 
format  is  immune  to  unencrypted  traffic.  No  known  multiplexers  or  end  instru¬ 
ments  put  out  a  1010  pattern  on  a  permanent  basis. 

2.8.7.  1  Framing  Lock-In  Calculations 

First  we  must  determine  the  number  frame  bit  verification  tests  that  will 
keep  the  false  lock  probability  well  below  10  percent  of  the  trials.  The  1  bit 
frame  code  used  in  binary  is  the  worst  case.  There  are  20  bits  between  frame 
bits.  If  we  count  the  first  time  we  look  at  a  bit  in  the  number  of  tests,  the  proba¬ 
bility  of  false  lock  per  bit  is: 

2-(M  -  1) 

because  the  alternating  pattern  forces  us  to  accept  either  a  1  or  a  0  on  the  first 
look.  The  advantage  of  doing  this  is  that  we  oi  ly  have  to  search  a  half-frame. 

The  probability  per  half-frame  is  thei: 

20  x  >-(M  -  n 

Setting  this  equal  to  2  pen  ent.  we  get  M  10.  '0  ,  so  we  take  M  11. 
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To  estimate  the  frame-in  time,  we  assume  that  the  frame  search  starts 
at  the  worst  bit  and  calculate  the  average  search  time  to  the  next  frame  bit.  This 
simplified  procedure  gives  a  number  accurate  enough  to  guarantee  that  a  series 
of  measurements  will  better  the  number  at  least  90  percent  of  the  time. 

Each  cf  the  false  bits  must  be  rejected.  The  rejection  alone  cakes  one  half¬ 
frame.  Testing  takes  more  time.  The  probability  of  a  bit  passing  the  test  the 
first  time  is  1.0,  because  we  accept  it,  whatever  it  is.  The  probability  of  a 
random  bit  passing  any  subsequent  test  is  1/2.  The  probability  of  passing  K  or 
more  tests  is  2  ^  The  probability  of  passing  K  tests  and  then  failing  is: 

PfK)  -  P(K  +  1)  r  2'(K  ‘  l)  -  2“K  =  2 " K 


In  order  to  get  the  average  number  of  half-frames  taken  per  bit  we  sum  toe 
probability  of  taking  I<  tests  multiplied  by  the  time  necessary  to  do  K  tests  over 
the  values  of  K.  The  time  necessary  to  do  K  tests  and  then  fail  is  I<  half-frames, 
because  we  bet  tu  take  one  test  each  half  frame. 

The  average  number  of  half -frames  tatcen  per  bit  is: 


This  figure  will  now  be  used  to  calculate  the  lock-in  time,  where  it  appears 
in  the  testing  data  bits"  term. 


The  lock  in  time,  m  half-frames,  for  a  distance  between  frame  bits  of  hi  bits 
is  then: 


1  t  rejecting!  +  2N  (testing  data  bits)  t  (M  -  l)  (testing  the  frame  bit)  -  M  t  2IS' 

With  N  =  20  and  M  *  11,  lock-in  takes  51  half-frames.  There  are  32,000  half¬ 
frames  per  second,  so  this  is  1.  6  ms.  We  have  increased  the  number  of  tests 
to  M  =  17,  g\\ing  1.  79  ms. 

lor  the  biternary  case  (figure  2-28),  the  i  bit  tranie  code  speeds  tilings 
up.  If  we  calculate  ..gain  the  number  of  tests  to  keep  false  lo  k  below  2  percent, 
we  get  M  -  4. 
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Again,  rejecting  bits  takes  a  half -frame,  40  bits  here.  We  examine  the 

data  three  bits  at  a  time,  but  search  one  bit  at  a  time.  The  probability  of  any 

3 

random  bit  simulating  either  111  or  000  on  the  first  test  is  then  2/(2)  ,  as  we 

3 

must  accept  either.  On  subsequent  tests,  the  probability  of  passing  is  1/(2)  . 

3K 

The  probability  of  passing  K  or  more  tests  is  2/(2)  .  The  probability  of  passing 

K  tests  and  then  failing  is: 


2 

,3K+1 


4x2' 


The  average  number  of  half -frames  per  bit  is: 


lYi 

El  K_  7  _K_  2 

4  qK  ~  4  QK  -  7 


The  lock  in  time,  in  half-frames,  is  then: 

1  +  2N/7  +  (M  -  1) 

With  N  =  40  and  M  =  1 1,  this  is  22.  4  half-frames  or  0.  7  ms.  W e  have  increased 
the  number  of  tests  to  M  =  17,  thus  getting  0.  82  ms. 

2.8,  7.2  Framing  Maintenance  Calculations 

The  exact  calculation  of  frame  maintenance  performance  is  a  very  difficult 
random-walk  problem.  However,  it  is  so  easy  to  give  very  good  performance,  a 
gross  approximation  will  serve.  Let  us  set  the  drop-out  criterion  to  M  frame 
bits  in  error  in  some  short  time,  say  2M  or  3M  half-frames.  This  time  has 
little  effect  in  this  approximation.  Then  the  drop-out  probability  for  binary  per 
half -frame  is  (Pg)M.  We  calculate  the  mean  time  to  drop-out  in  hours,  H: 


3600  x  32,  000  (P 
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ForM=llandPe  =  10  ,  we  get  8.  68  x  10  hoars.  F  rarae  drop-out  will  occur 

with  5  wrong  bits  out  of  16. 

For  biternary  (Figure  2-29),  we  assume  that  any  one  of  the  three  bits  in 
error  counts  as  a  defective  code.  Then  the  estimated  mean  time  between  drop¬ 
outs  is: 

H  = _ i _ 

(3P  )M  x  3600  x  32,  000 
e 

19  -3 

which  gives  4,9  x  10  hours  for  M  =  1 1  and  P^  =  1  0  .  Frame  drop-out  will 

occur  with  6  wrong  codes  out  of  16. 

2.8.7.  3  Bit  Acquisition  Calculations 

Ir.  meeting  the  bit  and  frame  acquisition  time  specifications,  the  bit  acquisi¬ 
tion  is  expected  to  take  longer  than  frame-in.  The  PLO  that  acquires  bit  timing 
is  subject  to  several  conflicting  requirements:  If  must  maintain  timing  over  a 
30  ms  outage,  It  must  have  a  free  running  stability  of  15  ppm,  and  accept  the 
MGM  jitter  which  can  swing  4_47  ppm. 

Let  us  estimate  the  maximum  bit  acquisition  time  by  setting  the  loop  as 
narrow  as  we  can.  The  pull  in  range  should  be  at  least  15  ppm  plus  47  ppm,  or 
62  ppm.  At  640  kHz,  this  is: 

a.  =  62  x  10  x  2tt  x  640  x  10  =  249  rad/sec,  minimum 

P 

The  natural  frequency  of  the  loop  is: 

2ui 

x  =  — ^  -  159  rad/sec 
n  tt 


4 

V 

I 
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The  acquisition  time  is  approximately: 


T 


*  (Aoj)2_ 
3 

26  co 

n 


where 

Act)  is  the  frequency  error  before  acquisition  a  no  equal  to  the  mini 

mum  lock-in  range.  6  is  the  damping  factoi.  If  the  designee,  lock-in  range  is 
equal  to  the  minimum: 


T  =  ”26  a’n 

Using 

6  =1,  we  get 

T  =  3.12  ms. 

If  these  assumptions  hold  up,  the  bit  and  frame  acquinlilon  (ime  would  be 
about  4.  7  ms  in  the  binary  case.  Biternary  is  faster. 

2.  8,  7.  4  Framing  Loss  Detection  and  Reacquisition  Calcul.ii  I ■  (>l 

If  BCI  has  been  lost,  but  timing  maintained,  the  dropout  and  BCI  main¬ 

tenance  time  must  be  added  to  the  framing  time.  The  drop', 01  time  in  30  percent 
oriors  is  again  a  random -walk  problem,  but  let  us  assume  K..,t  ,,n  extreme  value 
is  twice  the  length  of  time  over  which  errors  are  accumul„t<d,  7  bis  was  assumed 
in  the  framing  maintenance  calculation  at  no  more  than  <AA  frames.  This  is 

2.  1  ms.  i'he  maintenance  time  is  at  most  35  ms,  thus  drop-,,.-  and  re  frame  are 
estimated  at  38.7  ms.  The  spec  has  been  changed  to  Vi  u  a. 
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Dropout  time  in  biternary  is  the  same,  because  we  count  any  error  in  the  3  bit 
code  as  a  defective  code.  Dropout  plus  frame-in  is  faster,  about  37.  8  ms. 

2.  8.  7.  5  BCI  Maintenance 

The  103  Modem  is  required  to  maintain  3CI  for  signal  losses  up  to  30  ms. 
The  multiplexer  in  the  modem  must  be  prevented  from  dropping  out  and  coming 
back.  A  delay  of  31  to  35  ms  will  be  provided. 

2.  8.  8  FRAME  SQUELCH 

The  103  Modem  will  provide  a  frame  search  inhibit  signal  in  accordance 
with  the  specification.  However,  in  a  TRI-TAC  system,  this  feature  is  useless. 

First  consider  a  single  hop  system.  One  radio  hop  connects  a  radio  ter¬ 
minal  to  the  node.  If  a  fade  affects  the  signal  toward  the  node,  the  group  mux  in 
either  the  CNCE  or  the  switch  will  go  out  of  frame  because  this  mux  has  no  access 
to  the  frame  squelch  signal.  The  framing  handshake  routing  will  cause  traffic  in 
both  directions  to  be  interrupted.  The  frame  squelch  has  accomplished  nothing. 

In  many  cases,  a  fade  will  affect  both  directions,  either  simultaneously  or 
within  a  very  short  time.  Again  the  frame  squelch  accomplishes  nothing. 

The  only  time  it  works  is  when  the  fade  affects  the  signal  away  from  the 
node  only.  The  mux  in  the  radio  terminal  is  prevented  from  starting  a  resynch 
and  reframe  cycle. 

If  there  is  more  than  one  radio  hop  in  the  system,  the  frame  squelch  hardly 
ever  helps,  Any  fades  tnat  affect  the  repeater  station  will  cause  the  resync  and 
reframe  cycle. 

2.8.9  TED  CONTROL 

The  modem  mux  must  request  the  TED  to  resynchronize  at  the  proper 
times.  When  the  mux  is  in  frair.e  and  drops  out,  it  must  request  a  resync  right 
away,  within  a  few  bits  at  most.  In  most  cases,  the  system  will  be  back  on  the 
ai .  after  the  first  request.  If  there  is  an  equipment  failure  somewhere,  it  will 


if  •  -I  -» 
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be  a  long  time  before  the  system  is  back  up.  During  this  time  repeated  requests 
must  be  originated. 

To  ensure  that  the  second  and  subsequent  requests  do  not  put  the  system 
into  a  continuous  turmoil,  these  requests  must  be  spaced  by  a  minimum  period. 
We  will  take  this  to  be  the  TED  resync  time  plus  the  specified  modem  mux  drop¬ 
out  and  reframe  time  (this  is  longer  than  the  calculated  time).  The  TED  at 
640  kb/ s  and  a  40  mile  hop  will  take  at  most  13.  2  ms.  The  specified  modem  mux 
time  is  25  ms.  The  minimum  spacing  between  resync  requests  is  then  38.  2  ms. 
The  maximum  is  a  fairly  open  figure.  Restoral  after  equipment  failure  is  a 
matter  of  many  minutes,  so  any  spacing  from  100  ms  to  5  seconds  or  so  will  not 
influence  system  performance. 
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2.  c  ASYMMETRY 


Informal  interface  tests  were  made  between  the  DGM  family  and  the 

3°  switch.  The  interface  point  between  the  two  is  where  a  digital  group  signal 
is  exchanged  on  CX- 11230  cable  in  conditioned  diphase  form.  The  Raytheon 

Conditioned  Diphase  GM  faces  the  Sylvania  Conditioned  Diphase  GM. 

It  was  found  that  the  39  GM  was  extremely  intolerant  of  asymmetry  in 
the  diphase  waveform.  Asymmetry  is  the  misplacement  of  the  zero  crossing 
in  tr.e  center  of  digital  0's  with  respect  to  the  ideal  center.  The  tolerance  is 
worst  at  the  highest  rate,  being  only  4  percent  of  the  NRZ  bit  interval  at 
4 c C 3  mb/s.  This  figure  becomes  about  8  percent  in  tne  2  mb/s  range,  and 
10  to  20  percent  from  1  mb/s  down. 

Most  of  this  intolerance  was  discovered  to  be  in  a  fault  sensor  which 
was  intended  to  alarm  on  excessive  jitter.  This  sensor  detects  asymmetry 
as  itter.  Another  series  of  tests  were  run  to  determine  how  much  asymmetry 
conic  be  tolerated  without  this  sensor.  In  the  39  Supergroup  Modem  the  4  mb/s 
tolerance  went  up  to  10  percent,  and  the  2  mb/s  to  greater  than  12  percent. 

Ti  e  group  modem  was  more  tolerant  than  this,  except  at  1/4  mile  distance. 
There,  the  fact  that  the  slicer  does  not  slice  the  signal  at  zero  volts  causes 
further  problems  with  asymmetry.  One  reading  of  6  percent  was  encountered. 

Experiments  were  made  with  the  GM  in  the  CNCE.  The  Martin  GM  was 
more  tolerant,  being  generally  no  worse  than  9  or  10  percent,  and  often  better. 

The  Martm  and  Raytheon  GM's  generate  asymmetry  because  they  use  the 
related  timing  directly  to  form  the  diphase  wave.  This  is  the  simplest  way, 
arc  uses  the  least  PCB  area,  but  means  that  the  symmetry  of  the  diphase  wave 
car.  be  no  better,  and  is  generally  worse,  than  the  related  clock. 

The  asymmetry  generated  in  the  DGM  GM  was  analyzed  and  was  found  to 
come  from  three  sources.  The  first  is  the  distortion  of  the  signals  caused  by 
delays  and  rise  times  in  the  logic  circuits  within  the  modem.  The  second  is 
the  asymmetry  allowed  on  the  related  timing  coming  ii  co  the  modem.  1  he 
third  is  the  slew'  time,  which  is  converted  into  asymmetry  in  the  ratio  of  3:4. 

Tr.e  worst  case  figures  are: 

Modem  1  3.  0  ns 

Input  timing  asymmetry  15.  C  ns 


3/4  of  the  slew  time 
T  otai 


7.  5  ns 
35.  5  ns 
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This  is  16.4  percent  of  a  bit  at  4608  kb/s  and  8.  2  percent  of  a  bit  at 
2304  kb/s.  Actual  modems  run  between  1/2  and  3/4  of  the  maximum. 

A  look  at  the  three  sources  will  show  that  any  appreciable  improvement 
in  the  asymmetry  would  involve  making  the  diphase  asymmetry  independent  of 
the  related  timing  waveshape.  This  would  require  a  great  deal  of  PCB  area. 
The  39  GM  solves  this  problem  by  providing  8X  group  rate  clock  to  each 
modem.  This  solution  would  not  fit  in  the  GM  case. 

A  solution  which  will  fit  is  being  developed  on  a  separate  contract.  Pre¬ 
liminary  results  indicate  that  the  asymmetry  can  be  kept  to  less  than  5%  of  a 
bit  over  the  range  of  equipment  side  clock  distortion  permitted  by  ICD  002. 

2.  10  MGM  JITTER  IN VESTIGATION 


1.10.1  FREQUENCY  JITTER  VS  PHASE  JITTER 

In  general,  both  the  phase  jitter  and  the  frequency  jitter  are  of  interest. 
Some  equipments  are  more  sensitive  to  the  phase  peaks  and  others  to  the 
frequency  peaks.  The  equipments  sensitive  to  the  phase  peaks  are  those  with 
very  narrow  liming  bandwidths.  These  equipments  do  not  track  the  frequency 
peaks.  Therefore,  their  phase  stays  at  a  nearly  constant  position  wnile  the 
input  data  varies  in  phase  about  that  position.  Examples  of  this  are  the  TRC- 
170  and  the  CDM.  They  dejittcrisse  the  incoming  signal. 

The  equipments  sensitive  to  the  frequency  peaks  are  those  with  wider 
timing  bandwidths.  These  equipments  try  to  track  the  incoming  frequency 
peaks.  An  example  of  this  is  the  GM,  It  passes  the  incoming  jitter  through 
to  its  output.  It  is  very  probable  that  the  TRC-143  and  1RC-144  are  more  sen¬ 
sitive  to  the  frequency  peaks. 

There  appears  to  be  some  equipments  that-  are  part  way  between  and  are 
affected  by  both.  The  group  modem  in  the  RMC  is  an  example  of  this.  It  is 
sensitive  to  frequency  peaks,  but  the  sensitivity  is  worse  at  the  time  when  a 
phase  peak  occurs. 

L  10.2  MULTIHOP  VS  SINGLE  HOP  JITTER 

In  an  actual  system,  jitter  is  eliminated  by  passing  through  the  CRF  in 
a  CNCE  or  the  time  division  matrix  in  a  switch.  Therefore,  any  group  cormng 
out  of  a  node  normally  has  one  hop  of  bit  stuffing  jitter  when  it  reaches  the  top 
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of  the  hill.  Therefore,  most  of  the  TRI-1AC  system  will  experience  the  jitter 
of  one  hop  of  bit  stuffing. 

This  jitter  is  quite  different  from  subsequent  hops  because  the  master¬ 
group  clock  and  the  group  clocks  come  from  the  same  source. 

When  a  group  which  comes  from  one  node  (with  one  hop  of  jitter)  arrives 
locally  at  the  top  of  the  hill,  a  second  hop  of  jitter  is  introduced  in  getting  down 
the  hill.  Therefore,  at  the  bottom  of  the  hill,  the  CNCE  (or  switch,  if  there  is 
no  local  CNCE)  can  normally  expect  to  see  two  hops  of  jitter  on  incoming  groups. 
If  there  is  a  local  CNCE  and  a  switch  together,  the  switch  will  not  see  any  bit 
stuffing  jitter. 

Normally,  this  group,  with  the  two  heps  of  jitter,  enters  the  CRF  in  the 
CNCE.  When  it  emerges,  there  is  no  jitter  left.  However,  it  is  possible  to 
patch  the  incoming  group  from  the  MGM  right  back  out  the  MGM.  This  group 
arrives  back  at  the  top  of  the  hill  with  three  hops  of  bit  stuffing  jitter.  The 
frequency  and  phase  jitter  components  vary  differently  as  the  number  of  heps 
increases. 

2.10.3  FREQUENCY  JITTER 

The  maximum  frequency  deviation  is  measured  from  the  nominal  group 
bit  rate,  not  the  average  of  the  actual  group  put  in,  The  maximum  peak 
frequency  deviation  i'  +  47  ppm  from  nominal.  The  rate  of  change  of  frequency 
is  suen  that  the  rise  time,  measured  at  the  10  percent  and  90  percent  points, 
of  a  change  from  one  peak  to  the  other  is  30  usee.  The  maximum  rate  of 
change  of  frequency  is  3.  5  ppm  per  microsecond.  This  peak  is  achieved  in 
the  first  hop  and  does  not  increase  in  later  hops. 

2.10.4  PHASE  JITTER 

The  p-p  phase  jitter  is  measureable  on  a  scope.  Because  the  maximum 
jitter  occurs  rather  infrequently,  a  storage  scope  was  used.  Using 
a  single  MGM,  measurements  can  be  made  of  the  jitter  from  one  or  two  hops. 

To  get  the  one  hop  jitter,  the  mastergroup  clock  is  synchronized  to  the  group 
clock.  To  get  two  hop  jitter,  the  mastergroup  is  free  -  running.  The  one  hop 
jitter  .s  present,  along  with  the  second  hop  contribution,  when  the  master¬ 
group  clock  is  free-running. 
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Qualitatively  the  jitter  consists  of  at  least  three  components: 

a.  A  slowly  occurring  component  with  peak-to-peak  value  up  to 
2  hits  for  2  hop  jitter  and  up  to  4  bits  for  3  hop  jitter. 

b.  A  more  rapidly  occurring  component  which  is  roughly  one- 
half  the  total  peak-to-peak  value.  For  example,  at  the  4915.2 
kbps  rate  this  component  was  estimated  at  0.9  bits  by  taking 

a  10  second  time  exposure  photo  which  visually  resolved  these 
two  components, 

c.  A  very  rapidly  occurring  component  with  a  peak-to-peak 
amplitude  of  one  quarter  bit  or  less.  This  is  the  synchronous 
jitter  component  due  to  the  predominent  occurrence  of  alter¬ 
nate  stuffs  and  spills.  It  is  isolated  by  slaving  the  multiplexer 
clock  to  the  group  rate  clock. 

The  phase  deviation  given  in  Table  2-2  are  those  for  the  worst  case;  which 
is  the  low  mastergroup  for  group  rates  up  to  2304  kb/s.,  The  4096,  4608,  and 
4915.2  kb/s  rates  can  only  use  the  high  mastergroup,  and  that  is  the  figure 
given  for  those  rates. 


TABLE  2-2.  PEAK-TO-PEAX  JITTER.  IN  BITS 


Group  Rate,  kb/s 


1  Hop 


_Hogs_ 


3  Hops 


72 

Less 

1.0 

2. 

128 

than 

1.0 

2. 

144 

0. 

06 

1.0 

2. 

256 

1.0 

2. 

288 

1.  1 

2. 

512 

0. 

06 

1.3 

2. 

576 

0. 

07 

1.4 

2. 

1024 

0. 

11 

1.5 

3. 

1152 

0.  12 

1.6 

3. 

1336 

0. 

16 

1.9 

3  % 

2048 

0. 

20 

2.2 

3. 

2  304 

0. 

24 

2.  3 

4. 

4096 

0. 

20 

2.2 

3. 

4608 

0.  24 

2.  3 

4. 

4915.  2 

0.  26 

2.4 

4. 
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2.  10.  5  JITTER  WAVEFORM 

Figure  2-30  shows  a  jitier  waveform,  both  frequency  and  phase.  In  the 
case  shown,  the  actual  input  group  rate  is  close  to  the  nominal  rate.  Most 
of  the  time,  the  frequency  moves  rapidly  between  the  two  limits.  The  resul¬ 
tant  phase  change  is  then  a  small  triangular  wave.  Occasionally,  the  frequency 
stays  at  one  peak  for  a  longer  time,  thus  giving  a  bigger  phase  change.  In  a 
one  hop  svstem  all  groups  are  synchronized  to  the  mastergroup.  In  this  case, 
the  small  phase  changes  happen  all  the  time,  and  the  bigger  changes  do  not 
occur. 

2.10.6  JITTER  REDUCTION 

Work  is  underway  on  another  contract  to  develop  a  Group  Logic  PCB  which 
will  ha .  <r  much  less  jitter.  Preliminary  results  indicated  that  the  frequency 
jitter  can  be  kept  below  +1.  25  ppm. 

2.  i  1  FALSE  FRAME  LOCK 

The  hand-shaking  frame  routine  used  in  TRI-TAC  was  not  designed  for 
loop-back  applications,  but  looping  back  a  group  is  a  handy  technique  for 
testing,  troubleshooting  and  demonstrations.  However  a  false  lock  condition 
is  possible  in  some  cases.  Two  cases  of  this  problem  are  analyzed  below. 

2.11.1  LOOPING  AT  CHANNEL  INTERFACE 

A  stable  state  of  false  synchronization  exists  for  a  pair  of  DGM.  multi¬ 
plexers  when  one  of  the  multiplexers  has  all  of  its  channels  looped  back  on 
themselves.  The  following  is  a  demonstration  of  the  problem: 


R^M 

ALL  CHANNELS 
LOOPED  BACK 


GROUP  I/O 


*[rhc] 

| STATION 
•  CLOCK 


Assume  that  both  the  RLGM  and  RMC  are  connected  as  shown.  The  RLGM 
recovers  timing  from  the  Conditioned  Diphase  group  signal  from  the  RMC. 
Power  is  applied  to  both  units  and  the  group  signal  is  connected.  Initially 
both  units  attempt  to  frame  .vhile  the  phase-iocked  loop  on  the  RLGM  Timing 
Generator  is  still  locking  to  the  recovered  clock.  At  a  time  before  lock  in 
the  phase  locked  loop  is  achieved,  both  units  declare  themselves  "in-Frame". 
Lock  to  the  recovered  clock  is  then  achieved.  The  resulting  change  in  the 
RLGM  transmit  frequency  may  then  cause  the  RMC  to  lose  frame.  The  RMC 
is  Out-of •  F rame"  and  transmits  DATA  0,  a  1111  frame  pattern,  and  0’s 


?  -».i 


ACTUAL^  NOMINAL  ±  10  TO  10  POSITIVE  OFFSET  SHOWN. 
NOMINAL  /  COULD  ALSO  BE  NEGATIVE. 

+  32  to  47  PPM  /  RISE  3  FALL  TIMES  IN  EQUIPMENT  30  fJ.S 


Figure  2-30.  MGM  Jitter 


RAYTHEON  COMPANY 

equipment  oivision 

in  all  other  subchannels  of  the  overhead  channel.  The  RLGM  at  this  point  has 
not  yet  detected  the  1111  pattern  transmitted  by  the  RMC,  so  the  RLGM  trans¬ 
mits  the  "In-Frame"  pattern  (1010),  all  DATA  =  0  (due  to  the  loop-back  of  all 
data  channeL  which  have  just  been  set  to  all  0's  by  the  RMC)  and  some  unused 
(i,  e.  ,  all  l's)  overhead  subchannels.  The  RMC,  having  declared  itself  "Out- 
of  Frame",  initiates  frame  search.  Frame  search  sometimes  acquires  lock 
on  the  unused  overhead  subchannel  (a  1111  pattern).  Frame  acquisition  can 
occur  in  as  few  as  32  correct  frame  bits.  During  the  time  that  the  RMC 
acquires  frame,  the  RLGM  has  been  in  the  process  of  detecting  the  "Out-of- 
Frame"  again.  The  RLGM  turns  the  data  back  on  after  32  bits  because  it  has 
received  "In-Frame"  from  the  RMC.  Now  the  RMC  is  locked  to  the  false 
pattern  and  does  not  transmit  data  to  the  RLGM  (the  1111  pattern  indicates  to 
the  RMC  that  it  shall  not  transmit  data).  Because  the  RMC  transmits  no  data 
l's,  the  looped-back  RLGM  transmits  no  data  l's  and  the  RMC  stays  locked  to 
the  other  subchannels.  The  state  is  stable  with  no  indication  (BITE  or  Alarm 
lights)  that  anything  is  wrong.  The  link  does  not  pass  data. 

The  following  observations  are  made.  The  state  is  entered  only  when  all 
channels  are  looped-back,  causing  false  lock  in  the  unit  which  is  not  looped  back. 
When  the  loop-back  is  opened,  the  condition  corrects  itself  (in  the  above  ex¬ 
ample  the  RMC  would  detect  the  1111  pattern  with  DATA  4  0's  and  resume 
frame  search  when  the  loop-back  was  opened).  The  false  state  exists  as  a 
result  of  the  specification  for  idle  or  unused  channels  (all  l's),  the  definition 
of  frame  coordination  and  search  procedures  and  the  specification  of  detection 
and  acquisition  times.  The  condition  is  not  unique  to  DGM  equipment;  any 
multiplexer  using  the  same  techniques  has  the  same  problem. 

The  problem  is  not  tied  to  the  cha  racteristics  of  the  Timing  Generator 
phase-locked  loop  per  se.  Any  disturbance  to  the  link  which,  in  the  example, 
would  cause  the  RMC  to  declare  "Out-of- Frame"  while  maintaining  the  RLGM 
"In -Frame"  has  a  potential  of  causing  the  false  sync  problem. 
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2.11.2  LOOPING  AT  GROUP  INTERFACE 


Supergroup 

Loop 


(Tim  subchannels  in  Group) 


1.  Both  muxes  in  frame.  Channels  idle,  all  1.  Subchannels  from  TGM 
to  RLGM  also  1.  At  least  2  subchannels  from  RLGM  to  TGM  also  1. 

2.  Disturbance  in  link  between  muxes  occurs  so  that  RLGM  loses  frame. 

3.  RLGM  puts  out  lllll  frame  +  channels  and  subchannels  =  0. 

4.  RLGM  gets  this  returned  immediately,  except  that  subchannels  =  1, 
because  TGM  group  has  not  yet  detected  any  change. 

5.  RLGM  can  frame-in  in  32  frames.  (This  is  about  the  same  for  other 
muxes.)  It  frames  on  the  subchannel,  finding  1111  in  the  telemetry 
subchannel. 

6.  RLGM  puts  out  1010  frame  +  channels  and  subchannels  =  0  because  it 
has  found  1111  and  the  data  =  0  test  is  satisfied.  Important: 

data  =  0  is  its  own  data  returned. 

7.  Finally  TGM  detects  the  RLGM's  change  to  1111  (Step  3).  This  takes 
32  to  35  frames.  The  TGM  will  now  shut  off  the  channels  and  sub¬ 
channels,  setting  all  to  0.  However,  it  is  too  late,  the  RLGM  has 
declared  in-frame  and  is  designed  to  withstand  a  drop-out. 

8.  Since  the  TGM  is  just  now  receiving  1010,  the  TGM  will  have  the 
channels  and  subchannels  set  to  0  for  only  32  frames.  The  RLGM 
easily  withstands  this  interruption,  as  it  is  only  8  ms.  The  TGM  goes 
back  to  turning  the  data  on,  which  unfortunately  includes  the  subchan¬ 
nel  l's  as  well  as  the  looped  channel  0's. 

2.  12  ANALOG  ORDERWIRE  LEVELS 

Measurements  were  made  on  fully-equipped,  full  length  cable  systems  of 
the  loss  in  the  analog  orderwires.  These  showed  less  loss  than  previous 
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measurements.  This  is  because  in  the  fully  equipped  system,  both  coax 
shields  and  the  overall  shield  are  connected  together  at  each  equipment. 

(This  improves  the  EMP  ar.d  lightning  protection  considerably)  At  order- 
wire  frequencies,  not  all  the  return  current  flows  in  the  same  coax  as  the 
outgoing  current,  so  the  effect  of  the  other  shields  is  to  lower  the  total  loss 
as  compared  to  measurements  taken  with  a  single  coax  shield. 

2.12.1  REPEATERED  CABLE  SYSTEM 

The  insertion  loss  of  40  miles  of  cable  and  repeaters  was  measured  by 
first  connecting  the  CDM's  directly  together  and  then  through  the  cable  system. 
Measurements  were  taken  before  the  receiver  AGC.  The  loss  at  1000  cps  was 
38.2  dB.  The  loss  at  1600  cps  was  36.2  dB.  Subsequent  analysis  has  shown 
that  the  rise  in  frequency  response  is  due  to  the  addition  of  lumped  capacitance 
at  the  repeaters.  These  measurements  were  taken  at  room  temperature. 

The  CDM  will  provide  a  level  out  of  the  equipment  side  which  is  the  result 
of  the  receive  AGC  amplifier.  When  the  signal  originates  from  another  CDM, 
it  will  be  in  the  AGC  range,  and  the  output  will  be  a  nominal  -4  dBm.  When 
the  signal  originates  from  a  COU,  it  can  be  below  the  AGC  range.  Let  us 
calculate  this. 

First  we  take  the  measured  0.98  dB  per  mile  loss  and  increase  it  to 
1.  17  dB  to  provide  for  high  temperature  cable.  The  COU  can  be  at  most  39 
miles  away,  giving  45.6  c’B  loss.  The  COU  can  apparently  put  out  +  7  1/2  dBm 
with  6-volt  batteries,  giving  an  input  to  the  CDM  of  -38.  1  dBm.  The  gain  of 
the  CDM  below  the  AGC  range  is  24  dB,  so  the  CDM  will  put  out  -14.  1  dBm  on 
the  equipment  side. 

Another  result  of  the  current  flow  in  the  other  shields  is  near  end  cross¬ 
talk  (NEXT)  at  orderwire  frequencies.  A  test  was  made  of  this,  and  it  was  dis¬ 
covered  that  with  the  nominal  signal  coming  out  of  the  CDM,  a  return  signal 
of  -19.  7  dBm  was  measured.  This  is  within  the  ACC  range  of  the  CDM.  This 
means  that  we  have  a  0  dB  NEXT  ratio.  If  it  were  not  for  the  AGC  amplifier, 
the  incoming  signal  to  NEXT  ratio  would  be  negative  (in  dB). 
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2.  12.2  UNREPEATERED  CABLE  SYSTEM 

Measurements  were  also  made  of  the  orderwire  loss  in  this  system. 

Here  the  cable  does  not  behave  like  an  attenuator,  but  more  like  a  resistor. 
Therefore,  the  plot  of  dB  loss  vs.  miles  is  not  linear.  See  Fig.  2-31. 

The  loss  at  2  miles  with  correction  for  temperature  is  9  1/2  dB. 

When  we  include  the  losses  in  the  resistive  pads  in  the  GM  (31.  75  dB), 
the  total  maximum  loss  is  41.25  dB.  The  nominal  transmit  signal  (equipment 
side)  of  +  21.  3  dBm  will  produce  -19.  95  dBm  out  of  the  receiver.  Measure¬ 
ments  of  NEXT  in  this  system  show  a  return  signal  of  -2  5.  5  dBm,  giving  a 
NEXT  ratio  of  5.  55  dB. 
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SECTION  4 

AN/GRC-103  MODEM 

4.  1  DESIGN  GOALS  AND  REQUIREMENTS 

The  AN/GRC-103  Modem  design  approach  outlined  in  Paragraph  4.  2 
and  4.  3  meets  the  system  goals  of  the  Prime  Item  Development  Specification 
11400.  This  approach  utilizes  previous  DGM  and  PCM  design  techniques  to 
meet  the  unit  functional  requirements.  Careful  attention  has  been  given,  in 
the  design  and  partitioning,  to  meet  the  encrypted  frame  operating  require¬ 
ments.  Table  4.3-1  lists  specific  functional  requirements. 

On  the  equipment  side,  the  AN/GRC-103  Modem  can  interface  directly 
— Lh  the  Multiplexer  TD-I235(  )/TCC,  Multiplexer  TD-1236(  )/G,  Multiplexer 
TD-1237(  )/G,  Diphase  Digital  Data  Modem  MD-102o(  )(P)/G,  Cable  Driver 
Modem  MD-1023(  )/G  and  the  Trunk  Encryption  Device  (TED)  KG-81.  The 
digital  orderwire  interface  is  with  the  OCU.  The  analog  orderwire  and  radio 
interface  is  with  the  AN/GRC-103  radio.  Prime  power  is  supplied  from 
115  +10%  V,  47.  5  to  420  Hz  ac  source. 

4.  2  AN/GRC-103  MODEM  DESIGN  APPROACH 

The  modem  block  diagrams  and  formats  are  presented  in  Figures  2.8-2 
and  2.8-5.  Two  identical  modem  modules:  with  five  printed  circuit  cards  each, 
one  BITE  printed  circuit  card  and  a  plug  in  power  supply  comprise  a  fully 
loaded  AN/GRC-103  modem.  Partitioning  is  provided  to  physically  and 
electrically  isolate  the  RED"  circuitry. 

The  modem  power  supply  is  identical  to  the  MD-1026(  )(P)/G  supply  and 
provides  the  +12  and  +15  Vdc  voltage  required  for  internal  operation. 

4.3  DETAILED  DESIGN  DESCRIPTION 

4.3.  1  TRANSMIT  TIMING  CIRCUITS 

Figure  4.  3-1  illustrates  the  circuit  design  approach  of  the  Transmit 
Timing  circuits.  This  design  provides  basic  timing  and  control  signals  re- 
c  red  for  both  the  RED  and  BLACK  transmit  portions  of  the  AN/GRC-103 
Modem. 
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Table  4.3-1.  Modem 
Group  Rates 

Equipment  Side  Interface 
Radio  Side  Interface 

TED  Interface 

F  rame  Squelch 
Digital  Orderwire 

Analog  Orderwire 

BLACK  Station  Clock 
Timing  Options 

BITE 

Alarms 

MTBF 

Power 

Size 


Functional  Requirements 


128,  256,  288,  512,  576,  1024 
and  1152  kb/s 

Balanced  NRZ  and  Timing 

Transmit-Unbalanced  NRZ,  +10%, 

2  Vp-p  into  91  ohms,  640  or  1280 
kb/s  Receive  Unbalanced  NRZ 
0.  5  to  2  Vp-p  into  91  ohms,  640 
or  1280  kb/s 

640  or  1280  kb/s  Balanced  NRZ 
and  Timing 

TTL 

16  kb/s  and  2  kb/s  Balanced  NRZ 
and  Timing 

Analog,  Balanced  300  to  1700  Hz, 
Contact  Closure 

640  or  1280  kHz  Balanced 

From  Interna]  Receiver.  • 

From  Related  Clock 

Timing  Maintenance  for  30  Milli¬ 
seconds 

Locates  Equipment  Faults  to  Single 
Replaceable  Subassembly 

S,  SA,  RS  Contact  Closure 

4000  Hours 

115  Vac  +10%,  50  to  400  Hz,  85 
Watts  Maximum 

8-1/2H  X  12D  X  19-Inch  W,  Rack 
Mount 


Weight 


1  5  KG  Maximum 


Figure  4.3-1.  Transmit  Timing  Circuits 
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The  640  or  1280  KHz  BSC  signal  may  be  derived  from  two  (2)  sources: 
the  related  group  timing  or  the  640,  1280  KHz  looped  timing  from  the  modem 
receive  circuits.  Two  timing  mode  switches,  located  on  the  printed  circuit 
board,  select  tne  desired  operating  mode.  All  modes  provide  maximum  pro¬ 
tection  against  contamination  by  the  "RED"  frame  and  format  signals. 

The  received  640/1280  KHz  signal  is  derived  from  the  received  radio 
signal.  As  this  signal  has  encrypted  frame,  the  regenerated  timing  is  "clean". 
The  related  group  timing  signal  is  BLACK  but  is  also  inputted  to  the  RED  cir¬ 
cuits.  A  ’■  uffer  isolates  the  group  timing  signal  used  for  generation  of  the  BSC. 
Note  that  in  the  group  timing  mode,  the  design  approach  does  not  use  any  signals 
from  the  MUX  buffer  lor  locking  the  PLL.  Therefore,  the  buffer  occupancy  does 
not  "center"  automatically  and  reset  circuitry  is  required.  As  reset  circuitry  is 
required  for  the  other  timing  modes,  there  s  no  circuitry  penalty. 

Under  control  of  the  thumbwheel  rate  switch,  located  on  the  PCB,  the 
selected  timing  source  is  divided  down  to  a  32  kHz  rate.  This  is  the  maximum 
frequency  common  to  all  source  rates  and  is  the  reference  for  the  2.  56  MHz 
PLL.  The  desired  characteristics  for  the  PLL  are:  high  dc  gain,  a  +15  PPM 
stability  VCXO,  sufficient  capture  range  fo*-  a  +_47  PPM  MGM  offset  plus  the 
+15  PPM  VCXO  stability,  and  narrow  bandwidth  to  reduce  the  MGM  jitter. 

A  high  dc  gain  is  required  to  minimize  the  timing  phase  shifts  at  the 
"RED"  group  data  buffer.  Since  the  PLL  reference  is  at  32  kHz,  a  small 
phase  shift  at  the  phase  detector  is  multiplied  (percentage  wise)  by  the  group 
rate  divided  by  32  kHz.  Fcr  the  worst  case  1152  kHz  group  rate  the  factor  is 
36.  Therefore,  for  example,  if  the  PLL  requires  a  phase  change  of  4^30° 
to  satisfy  all  lock-in  conditions,  the  phase  shift  at  the  RED  buffer  would 
be  +1080°  or  +3  bits.  This  could  cause  unnecessary  resets  of  the  buffer 
(especially  if  the  buffer  size  is  limited)  with  the  MGM  and  with  temperature 
variations.  Unfortunately,  a  large  dc  gain  gives  large  PLL  bandwidth.  How¬ 
ever,  the  bandwidth  can  be  reduced  with  a  filter.  With  some  phase  detectors, 
the  +r/2  or  _+~  types,  the  filter  also  reduces  the  capture  range  of  the  PLL. 
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The  phase  detector  chosen  for  this  design  is  the  +2tt  (or  phase  frequency)  type. 
With  this  type,  the  PLL  can  be  designed  to  maintain  an  adequate  capture  range 
with  large  dc  gains  and  filtering  to  provide  the  desired  PLL  bandwidth.  There¬ 
fore,  the  PLL  bandwidth  will  be  minimized,  as  consistent  with  the  overall  sys¬ 
tem  response  times.  The  VCXO  is  specified  to  provide  +15  PPM  stability  as  well 
as  a  +_62  PPM  minimum  pull  in  range.  A  2.  56  MHz  frequency  was  chosen  in  order 
to  generate  accurate  complimentary  squarewaves  at  the  1280  kHz  rate.  These 
are  necessary  for  internal  circuitry  only.  VCXO’ s  meeting  the  above  specifica¬ 
tions  have  been  procured  and  are  working  properly. 

The  programmable  counters  are  under  control  of  the  32  x  8  PROM  which 
decodes  the  PCB  RATE  switch,  and  the  Timing  Mode  switches.  This  provides 
for  division  of  the  selected  timing  signal  by  4,  8,  9,  16,  18,  20,  32,  36,  or  40 
as  required,  to  generate  the  32  kHz  reference.  The  rate  sv/itch  is  identical  to 
other  DGM  equipments  and  settings  will  be  according  to  DGM  standards  as  listed 
below. 


Rate  (kHz) 

Rate  Switch  Setting 

1152 

9 

1024 

8 

576 

7 

512 

b 

288 

5 

256 

4 

128 

2 

Also,  rate  switch  position  0  shuts  that  modem  off.  The  modem  off  signal 
then  inhibits  bite  indications  on  all  five  modem  CCAs.  The  2.  56  MHz  PLL  pro¬ 
vides  tne  640/1280  kHz  BSC  and  the  16  kHz  DVOW  signal  at  standard  DGM  output 
levels.  Signals  to  the  ''RED"  circuits  are  the  group  data  (isolated  by  retiming) 
and  the  counter  control  signals.  As  the  latter  signals  are  static  dc  levels,  no 
additional  buffering  is  required. 
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4.3.2  MUX  CIRCUITS 

These  circuits  provide  the  formatting  of  the  group  data,  auto-phasing  of  the 
DVOW  and  Telemetry  data,  and  multiplexing  of  these  signals  with  the  fill  and 
frame  pattern.  To  minimize  RED  signal  modulation  of  critical  outputs,  these 
circuits  are  physically  and  electrically  isolated  from  the  Transmit  Timing  cir¬ 
cuits.  Figure  4.  3-2  shows  the  MUX  circuits. 

The  clocks  required  to  implement  the  formats  shown  in  Figure  2.  8-5  are 
generated  from  the  640  or  1280  kHz  RSC  input.  A  programmable  +20  or  +40 
counter  provides  the  addressing  for  the  format  PROM.  Both  the  counter  and 
PROM  are  under  control  of  the  Transmit  Timing  circuits  RATE  switch.  The 
format  PROM  provides  addressing  for  the  multiplexer  as  well  as  controlling  the 
format  clock  generator.  The  output  of  the  format  clock  generator  is  derived 
from  the  RSC  input  and  contains  gaps  corresponding  to  the  DVOW,  Telemetry, 
fill  and  frame  time  slots.  Additionally,  for  the  288,  256  and  128  kb/s  rates, 
clock-pulses  are  regularly  deleted  (every  second  or  fourth).  This  provides  a 
formatted  clock  input,  at  the  exact  group  rate,  to  read  out  the  64  x  1  FIFO  buffer. 
The  input  to  the  FIFO  buffer  is  the  continuous  group  data  and  timing  signals  from 
the  Transmit  Timing  circuits.  The  occupancy  of  the  FIFO  is  monitored  and  a 
reset  is  generated  whenever  an  underflow,  or  overflow  condition  occurs.  This 
effectively  sets  the  FIFO  half  full.  With  the  reset  appi  oach,  a  64  x  1  FIFO  allows 
an  approximate  maximum  of  32  bits  occupancy  variations  within  the  buffer.  This 
greatly  exceeds  the  maximum  5 -bit  format  gap  plus  the  maximum  4-bit  MGM 
jitter.  The  formatted  data  and  its  compliment  are  applied  to  the  multiplexer. 

The  Telemetry  data  signal  is  synchronous  with  the  modem  timing.  However 
the  phasing  of  this  data  is  arbitrary  and  an  automatic  phase  circuit  is  required. 
Basically,  this  circuit  resamples  the  data  with  an  internal  clock  at  the  data  rate. 

If  the  data  transitions  are  too  close  to  the  internal  clock,  another  phase  of  the 
internal  clock  is  selected.  Either  clock  phase  gives  correctly  resampled  data 
properly  phased  for  the  multiplexer  circuits.  Before  the  Telemetry  data  is  multi¬ 
plexed,  it  is  exclusive-or  modulated  with  an  8  kHz  clock  signal.  This  clock  signal 
is  phased  so  that  it  is  set  low  at  the  transitions  of  the  resampled  Telemetry  data. 
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The  DVOW  data  signal  is  also  synchronous,  however,  it  may  contain  jitter 
that  exceeds  the  range  of  an  autophase  circuit.  This  jitter  would  cause  continuous 
switching  of  the  internal  clock  phase,  and  resultant  data  errors.  To  avoid  this 
problem,  a  2-bit  elastic  store  buffers  the  DVOW  data.  As  this  requires  a  clock, 
to  read  in  the  DVOW  data,  a  16  kHz  clock  is  derived  from  the  input  data.  The 
elastic  store  has  reset  circuitry  which  monitors  the  store  occupancy.  Whenever 
a  limit  condition  exists,  the  store  occupancy  is  reset.  This  circuit  will  accommo 
date  the  expected  +  1/2  bit  maximum  jitter.  The  retimed  DVOW  data  is  also 
applied  to  the  multiplexer  circuits. 

The  multiplexer  is  under  control  of  a  three  line  address  generated  by  the 
format  PROM  and  Quad  2  to  1  selector.  This  allows  the  formatted  data,  its 
compliment,  resampled  DVOW  data,  resampled  and  modulated  Telemetry  data, 
or  a  1  or  0  to  be  selected  according  to  the  required  format.  The  multiplexed  data 
is  retimed  and  outputted  as  640  or  1280  kb/s  RED  data. 

4.3.3  TRANSMIT  BUFFER  CIRCUITS 

The  transmit  buffer  circuits  (Figure  4.  3-3)  simply  receives  the  encrypted 
(from  the  TED)  or  unencrypted  (from  the  RED  data  output)  640  or  1280  kb/s  data 
and  converts  it  to  interface  levels  compatible  with  the  radio.  The  To  Radio  signal 
is  NRZ  binary  data,  two  volts  peak-to-peak  (into  91  ohms)  with  rise  and  fall  times 
of  160  to  280  ns.  These  circuits  are  mounted  in  a  separate  compartment  with 
integral  transmit  coaxial  connectors.  The  BITE  detector  outputs  are  applied  to 
these  respective  Radio  Regenerator  circuits  where  a  separate  LED  provides  the 
fault  indication. 

4.  3.  4  RADIO  REGENERATOR  CIRCUITS 

These  circuits  accept  the  640  kb/s  binary  or  1280  kb/s  biternary  baseband 
radio  signal  (plus  analog  orderwire),  recovers  the  timing  and  regenerates  the 
original  binary  data  signal.  Additionally  the  analog  orderwire  is  separated  from 
the  data  and  applied  to  the  radio.  For  poor  S/N  radio  signals,  an  RS  alarm  is 
generated,  and  an  Orderwire  Control  signal  enables  orderwire  recovery  at  the 
Radio.  When  the  modem  is  out  of  frame,  a  Frame  Search  Inhibit  signal  is  gen¬ 
erated.  Figure  4.  3-4  is  a  detailed  block  diagram  of  the  radio  regenerator  cir¬ 
cuits. 
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Figure  4.  3-1..  Transmit  Buffer  Circuits 


Figure  4.  3-4.  Radio  Regenerator  Circuits 
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The  0.  5  to  2.  0  volt  from  radio  signal  is  first  amplified  to  approximately 
three  volts  peak-to-peak.  Therefore,  the  AGC  controls  the  voltage  gain  of  this 
stage  from  1.  5  to  6.  Also  the  amplifier  provides  additional  high  frequency  "boost" 
to  properly  equalize  the  data  signal.  This  is  required  as  the  normal  Gaussian 
radio  response  is  optimized  for  the  576  and  1152  kb/s  rates.  A  single  pole  net¬ 
work  is  sufficient  to  approximate  an  overall  Gaussian  response  for  the  640  and 
1280  kb/s  rates.  A  wideband  op  amp  with  feedback  controlled  gain  and  a  FET 
AGC  provides  the  AGC  amplifier  function.  A  LF-157  type  op  amp  has  both 
the  necessary  bandwidth  and  slew  rate  for  this  application.  The  AGC  control 
maintains  the  output  of  the  positive  peak  detector  at  the  reference  level  of 
+  1.5  volts. 

Before  the  equalized  radio  signal  is  applied  to  the  regenerator  circuits, 
the  analog  orderwire  signal  is  removed  by  the  double  clamp.  This  type  of  circuit 
has  been  proven  effective  in  the  TD-202  Combiner  A,  for  removing  analog 
orderwire  up  to  30  percent  of  the  digital  signal.  While  the  clamp  is  effective, 
some  residual  orderwire  is  present  and  previous  experience  indicates  the 
biternary  S/N  performance  is  reduced  by  approximately  1.5  dB.  The  buffered 
output  of  the  clamp  is  applied  to  the  positive  and  negative  peak  detector  cir¬ 
cuits,  the  decision  circuit  and  the  transition  pulse  generator  circuits.  The 
peak  detector  circuits  provide  positive  and  negative  dc  voltages  equal  to  the 
peaks  of  the  signals.  Resistor  dividers  then  derive  the  biternary  plus  and 
minus  decision  levels  and  the  center  level.  Note  that  the  AGC  control  main¬ 
tains  the  positive  peak  equal  to  tire  reference  voltage.  Therefore,  with  noise 
on  the  signal,  the  AGC  tends  to  maintain  the  noise  peaks  at  the  reference 
level.  To  obtain  optimum  S/N  performance  in  biternary  operation  the  decision 
levels  must  be  predistorted  to  compensate  for  this  effect.  Note  that  predis¬ 
torted  decision  levels  are  not  unique  to  an  AGC  approach,  but  is  inherent  with 
the  peak  detectors  themselves.  As  the  levels  are  experimentally  optimized 
with  noise,  there  is  no  real  performance  degradation.  Past  biternary  designs 
have  given  decision  levels  that  were  very  close  to  the  predicted  predistorted 
values  of  one-third  the  peak  voltages. 
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Before  the  data  can  be  regenerated,  the  640  or  1280  kb/s  timing  must  be 
extracted  from  the  data  transitions.  Pulses  are  generated  from  the  data  cross¬ 
ings  and  applied  to  two  precision  variable  delay  circuits.  These  circuits  adjust 
the  phase  of  the  sampling  timing,  with  respect  to  the  clamped  radio  signal,  to  the 
optimum  position.  A  54LS221  precision  dual  one  shot  provides  these  delays  with 
excellent  stability.  The  trailing  edge  of  the  delay  circuits  is  then  used  to  gen¬ 
erate  half -width  pulses;  39  and  78  |js  for  the  1280  and  640  kb/s  rates,  respectively. 
Therefore,  these  circuits  have  converted  the  data  transitions  into  half-width 
pulses.  The  rate  switch  selects  the  appropriate  half-width  pulses  and  clock  out¬ 
put  applied  to  the  PLL  phase  detector. 

The  receive  regenerator  PLL  utilizes  the  same  VCXO  as  the  Transmit 
Timing  circuits.  However,  the  desired  loop  characteristics  are  different.  A 
high  dc  gain  is  desirable  to  minimize  the  phase  shift  of  the  recovered  timing,  but 
it  is  not  possible,  or  desirable  to  appreciably  narrow  the  loop  bandwidth.  Due  to 
the  randomness  of  the  data,  half-width  pulses  are  generated  randomly  at  integral 
multiples  of  the  data  period.  Only  the  +rr/2  type  phase  detector,  using  a  filter  to 
reduce  loop  bandwidth  does  reduce  the  capture  range.  Fortunately,  a  wider  band¬ 
width  is  desirable  as  this  allows  the  sampling  clock  to  "track"  jitter  on  the  radio 
signal.  With  the  high  gain,  this  maintains  the  sampling  point  at  the  optimum 
position  for  any  lower  frequency  jitter  on  the  radio  signal.  Therefore,  no  loop 
fil.ering  is  used. 

To  determine  the  quality  of  the  received  radio  signal,  transition  pulses  are 
generated  directly  from  the  radio  input.  With  a  good  signal,  these  pulses,  w'-en 
bandpass  filtered,  give  a  1280  KHz  sinewave  signal  with  little  AM.  This  is  detected 
and  controls  the  RS  detector.  The  RS  signal  detector  will  alarm  when  the  bit  error 
rate  (binary  and  biternary)  exceeds  approximately  10  ",  Additionally,  the  level  of 
the  radio  signal  is  monitored.  Therefore,  w'hen  the  radio  signal  S/N  is  poor,  or 
if  the  radio  signal  fails,  an  RS  alarm  condition  is  declared.  This  activates  the  OW 
control  relay  contacts  and  the  BITE  card  RS  alarm  contacts.  The  RS  signal  detec¬ 
tor  will  alarm  when  the  bit  error  rate  (binary  and  biternary)  exceeds  approximatelv 
-2 

10  .  Additionally  the  last  VCXO  control  voltage  is  maintained  for  at  least  30  ms. 

As  the  PLL  is  still  in  lock  at  the  threshold  S/N  (the  PLL  lock  is  quite  rugged),  this 
provides  receive  clocks  at  j_15  PPM  stability  as  long  as  the  poor  S/N  or  no  signal 
condition  persists. 
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In  normal  operation,  the  locked  640  or  1280  kHz  timing  is  applied  to 
the  decision  circuits.  For  binary  signals  (640  kb/s)  the  data  is  sampled  at 
approximately  the  center  of  the  binary  "eye".  If  the  signal  is  above  the 
center  level  it  is  a  logic  1,  below  a  logic  zero.  For  the  biternary  case 
(1280  kb/s)  the  data  is  sampled  at  approximately  the  transition  times.  The 
decision  logic  is  slightly  more  complicated,  but  is  easily  implemented  with 
a  JK  type  flip-flop.  If  the  signal  is  above  the  +DL,  it  is  a  logic  1,  below  the 
-DL  it  is  a  logic  0.  However,  if  the  signal  is  between  levels,  the  last  decision 
is  complimented.  The  Rate  Control  switch  selects  the  appropriate  decision  cir¬ 
cuit  output,  and  this  regenerated  data  is  outputted,  with  the  sample  clock  as 
Receive  Data  and  Receive  Timing.  Additionally,  the  640  or  1280  kHz  timing  sig¬ 
nal  is  used  by  the  Receive  Timing  circuits  and  outputted  as  BSC  1.  A  o40  kHz 
Timing  signal  is  also  applied  to  the  Receive  Timing  circuits. 

As  shown,  the  orderwire  recovery  circuits  are  relatively  complicated, 
however  other  techniques  give  poor  audio  quality.  With  simple  low-pass  filtering, 
the  low  frequency  content  of  the  data  signal  is  audible.  Likewise,  the  limitations 
of  the  double  clamp,  while  acceptable  for  data  recovery,  does  not  give  good  quality 
audio  by  simple  subtraction  of  the  clamp  output  from  the  input.  The  approach 
shown  is  conceptually  identical  to  the  TD-202  Combiner  A.  Essentially  the  re¬ 
covered  data  is  subtracted  from  the  input  radio  signal  giving  the  resultant  order- 
wire  signal.  As  only  the  low  frequency  energy  of  the  data  signal  is  a  problem, 
both  signals  are  first  low  pass  filtered.  Additionally,  the  regenerated  data  is 
passed  through  a  gain  controlled  amplifier.  In  this  manner,  the  input  to  the  sub¬ 
tractor  can  be  adjusted  to  reduce  the  residual  low  frequency  data  on  the  order- 
wire  to  virtually  zero.  An  analog  multiplier  multiplies  the  subtractor  output 
with  the  regenerated  data.  As  noise  and  the  orderwiie  signal  do  not  correlate 
with  the  data,  their  net  product  is  zero-  The  product  detector  output  adjusts  the 
level  of  the  regenerated  data  to  minimize  the  residual  data  on  the  orderwire  signal. 
This  technique  gives  better  than  the  required  20  dB  "clean  up"  of  the  orderwire 
signal.  The  orderwire  signal  is  amplified  and  filtered  before  being  outputted  to 
1  the  radio  at  a  -4  dBm  level. 
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However,  with  poor  data  S/N  ratios,  data  errors  introduce  noise  in  this 
type  of  recovery  circuit.  Therefore,  when  this  condition  is  sensed,  orderwire 
recovery  is  automatically  transferred  back  to  the  radio. 

The  Frame  Search  Inhibit  is  just  the  buffered  search  signal  from  the  MUX 
circuits.  This  inhibits  frame  search  of  other  equipments  whenever  the  AN/GRC- 
103  Modem  is  out  of  frame. 

4.  3.  5  RECEIVE  TIMING 

The  Receive  Timing  circuits  are  shown  in  Figure  4.  3-5.  Again,  the  main 
feature  of  the  design  i3  generation  of  the  appropriate  group  DVOW  and  Telemetry 
timings  from  only  black  signals.  All  necessary  timing  signals  are  derived  from 
an  8192/9216  kHz  PLL.  The  b4  kHz  reference  for  this  loop  is  derived  by  dividing 
by  10,  the  640  kHz  timing  recovered  from  the  BLACK  frame  radio  signal.  The 
64  kHz  controlled  clock  is  either  (depending  on  the  group  rate)  the  8192  or  9216  kHz 
VCXO  output  divided  by  128  or  144,  respectively.  Desirable  characteristics  for 
this  PLL  are  large  dc  gain  and  narrow  bandwidth.  Stability  is  not  critical,  as 
during  an  outage  the  _+ 1 5  PPM  requirement  is  maintained  by  the  regenerator 
VCXO  supplying  the  reference.  A  +2tt  type  phase  detector  with  a  loop  filter  gives 
a  PLL  with  the  desired  characteristics.  However,  Paragraph  3.  2.  1.  5  of  the 
specification  11400  limits  the  bandwidth  of  the  PLL.  This  spec  includes  the  lock 
time  of  the  loop  as  well  as  the  frame  in  time  of  the  modem.  This  should  limit 
the  loop  bandwidth  to  approximately  25  Hz. 

A  -rl6  counter,  four  to  one  selector  controlled  by  the  rate  switch,  and  a 
-~4  counter  provide  the  appropriate  group  rate  clock.  This  signal  is  used  to  re¬ 
time  the  group  data  from  the  DEMUX  circuits;  and  is  outputted  as  the  BSC  and 
Group  Timing  signals.  It  is  also  applied,  through  a  buffer  to  provide  isolation, 
to  the  DEMUX  circuits.  A  buffered  16  kHz  signc1  is  also  applied  to  the  DEMUX 
circuits.  The  Resync  pulse  circuits  generate  20  qs  pulses  from  the  resync  trigger 
signal  supplied  by  the  DE  1UX  circuits.  When  the  modem  is  out  of  frame,  resync 
pulses  are  generated  every  62  ms. 

Figure  4.  3-6  is  a  block  diagram  of  the  DEMUX  Timing  circuits.  These 
circuits  find  the  frame  pattern,  demultiplex  the  data,  demodulate  the  Group  and 
Telemetry  signals  and  provide  the  three  data  signals.  Only  the  Telemetry  and 
clock  output  directly  to  the  equipment  side. 
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Data  and  Timing  is  applied  from  either  the  TED  (encyrpted  frame)  or  the 
data  regenerator  (unencrypted  frame).  In  either  case,  the  640  or  1280  kHz  timing 
is  applied  to  a  clock  delete  circuit,  which  during  frame  search,  deleted  one  pulse 
at  a  time.  The  clock  output  is  applied  to  a  j-20/40  counter  and  the  clock  demux. 

This  counter,  controlled  by  the  XMT  TIM  rate  switch,  divides  the  input  clock  by 
20  or  40  depending  on  the  format.  The  outputs  of  the  counter,  plus  static  rate 
control  signals,  address  the  format  PROM.  This  PROM  provides  signals  to  the 
clock  demux  circuits  which  with  the  clock  signal,  generates  the  group,  DVOW, 
Telemetry  and  frame  clock  pulses  according  to  the  unique  format  for  each  rate. 

The  assumed  frame  clock  is  applied  to  the  frame  detect  circuits  which  examine 
the  input  data,  according  to  the  rate,  for  the  1,  0  or  111,000  frame.  When  lock 
is  achieved,  the  four  clocks  from  the  clock  demux  align  with  the  corresponding 
data  bits  in  the  format. 

When  lock  is  lost,  the  delay  search  circuits  provide  a  30  ms  delay  before 
returning  to  the  search  mode.  This  allows  BCI  to  be  maintained  for  the  required 
30  ms.  If  lock  is  not  reachieved  during  this  interval,  frame  search  is  enabled. 
Additionally,  the  TED  resync  control  signal  then  enables  TED  resync  pulses 
(from  the  receive  timing  circuits)  to  be  sent  every  o2  ms. 

The  group  data  is  first  demodulated  to  remove  the  alternate  data  polarity 
inversion  and  applied  to  a  64  x  1  FIFO.  This  data  is  entered  into  the  FIFO  with 
the  group  clock  signal  from  the  clock  demux.  Data  is  read  out  of  the  FIFO  with 
the  group  rate  clock  generated  in  the  receive  timing  circuits.  As  in  the  MUX  the 
FIFO  must  have  reset  circuitry  to  avoid  overflow  or  underflow.  The  FIFO  is 
initialized  to  one-half  full  by  the  lock  signal.  Normally,  this  should  prevent  over¬ 
flow  or  underflow  of  the  FIFO.  However,  to  further  insure  this  protection,  the 
occupancy  of  the  FIFO  is  also  monitored  continuously.  If  a  limit  condition  exis.j. 
the  FIFO  K  then  again  set  to  one-half  occupancy.  The  grcup  data  output  is  then 
sent  to  the  receive  timing  circuits. 

The  Telemetry  data  is  demultiplexed  and  demodulated  from  the  640/1280  kb/s 
data  with  a  16  kHz  clock  from  the  clock  demux  circuits.  This  clock  is  also  applied 
to  a  -j-8  counter.  The  2  kb/s  demodulated  data  is  then  retimed  with  the  -j-8  counter 
2  kHz  squarewave  output.  The  retimed  Telemetry  data  and  clock  are  outputted  at 
standard  DGM  levels,  when  out  of  lock,  the  data  is  set  to  ail  "ones". 
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4.3.7  BITE 

The  AN/GRC-103  Modem  used  the  identical  BITE  approach  and  printed  cir¬ 
cuit  board  developed  during  the  DGM  programs.  However,  to  meet  the  specific 
unit  BITE  functions,  a  new  PROM  coding  was  necessary.  Provision  is  made  to 
suppress  false  BITE  indications  when  only  one  modem  module  is  in  operation,  or 
if  only  one  modem  module  is  in  the  unit.  The  BITE  approach  and  design  is  dis¬ 
cussed  in  detail  in  Paragraph  20. 

4.3.8  HFE 

The  103  Modem  design  incorporates  the  requirements  of  MIL-STD-1472 
to  the  maximum  extent  possible,  consistent  with  operational  requirements  and 
physical  design  limitations  imposed  by  TT-B1-2202-0013  performance  specifica¬ 
tion. 

Initial  setup  controls  required  to  configure  the  equipment  to  system  require¬ 
ments  are  incorporated  onto  the  accessible  edge  of  the  PCB's.  These  controls 
are  protected  by  the  front  panel  cover.  No  controls  are  located  on  the  RED 
PCB's.  The  unit  BITE  control  and  alarm  are  positioned  for  rapid  recognition 
and  ease  of  identification. 

Connectors  are  located  on  the  rear  of  the  case  and  are  positioned  to 
ensure  maximum  accessibility.  The  unit  case  is  shown  in  Figure  15.  1.  8-1.  The 
rear  panel  layout  is  shown  in  Figure  15.  1.  8-2. 

Unit  weights  imposed  by  the  specifications  are  within  the  requirements  of 
MIL-STD-1472. 
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4.  3.  0  RELIABILITY  DESIGN 

The  AN/GRC-103  Modem  has  a  specified  MTBF  of  4000  hours.  This  is 
equivalent  to  250  failures  in  106  hours.  The  reliability  prediction  and  the 
demonstrated  results  are  summarized  in  Table  4.  3-2. 

Table  4.  3-2 

AN/GRC-103  Modem 
RELIABILITY 


Specified 

MTBF  (Hrs) 

Predicted 

MTBF  (Hrs) 

Demonstrated 
MTBF  (Hrs) 

4000 

7974 

4391 
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(See  Sylvania  writeup  -  Volume  II). 
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SECTION  6 
RLGM/CD 

The  Remote  Loop  Group  Multiplexer  Cable  Driver  (RLGM/CD)  is  required 
to  carry  traffic  at  either  72  kbp/s  or  144  kbp/s.  The  cable  modulation  is  con¬ 
ditioned  diphase,  and  is  transmitted  down  CX-11230  cable  at  lengths  up  to  3.2  km. 
The  RLGM/CD  provides  power  via  the  cable  to  operate  an  RLGM  and  its  associa¬ 
ted  DSVT's.  Maintenance  orderwire  is  provided  along  with  the  line  side  signals 
and  it  terminates  in  the  COU. 

6.  1  DESIGN  GOALS  AND  REQUIREMENTS 

RLGM/CD  function  requirements  are  summarized  in  Table  6-1.  The  RLGM/ 
CD  handles  traffic  at  72  kbp/s  or  144  kbp/s.  Balanced  NRZ  and  timing  signals 
are  accepted  at  the  equipment  side,  and  are  converted  to  unbalanced  conditioned 
diphase  for  transmission  over  up  to  3.2  km  of  CX-11230  cable.  Power  for  the 
RLGM  is  also  applied  to  the  cable  as  180  Vdc  at  0.  300  amperes.  Maintenance 
orderwirr,  is  also  accepted  balanced  at  the  equipment  side. 

6.  2  DESIGN  APPROACH 

The  original  concept  of  the  RLGM/CD  was  to  have  a  five  inch  high  case  con¬ 
taining  one  power  supply  and  one  cable  driver  modem  card.  The  approach 
taken  is  a  dual  RLGM/CD  (see  Figure  6-1)  in  a  full  size  case.  This 
approach  allows  the  use  of  a  standard  size  DGM  case  and  standard  size  DGM 
panels.  Each  cable  driver  and  the  cable  interface  will  occupy  a  standard  size 
panel  and  a  fourth  card,  the  BITE  panel,  will  be  the  same  common  panel  used 
in  other  units. 

The  RLGM/CD  uses  the  same  power  feed  circuit  as  the  RMC  so  that 
both  will  present  the  same  interface  to  the  RLGM. 
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TABLE  6-1 

DUAL  RLGM  CABLE  DRIVER  FUNCTIONAL  REQUIREMENTS 


Function 

Requirement 

Specification 

Size 

19- inch-rack  mounting 

12  inches  deep,  maximum 

8.  5  inches  high,  maximum 

SCL- 1280(3.  3.3) 

(3. 2. 2. 4) 

Weight 

Not  to  exceed  15  kilograms 

(3.  2.  2. 4, 2) 

Prime  Power 

ac  or  dc  input 

Not  to  exceed  200  watts 

(3.2.  1.4.4) 

Power  Feed 

Power  for  all  functions  of 
RLGM  including  DSVT 
power  feed 

(3.2.  1.4.4.  1) 

Maintenance 

Orderwire 

Passive  300  -  3400  Hz 
analog  voice 

(3.  1.2.8.  2) 

Reliability 

MTBF  -  4000  hours 

(3.2.3.  1) 

Environment 

Temperature  (-25°F  to 
■*145  F)  humidity,  alti¬ 
tude,  dust,  salt  fog, 
fungus,  vibration  and  shock 

(3.2.5.  1) 

EMC 

Tests  for  modems  of 
MIL-STD-461 

(3.  3.2.2) 

Nuclear 

Section  30  of  TT-B1- 
3001-001  1  except  30.  2.  4.  1.  I 
and  30.  2.4.  1.2 

(3.  3.  8.2) 

6.  3  DETAILED  DESIGN  DESCRIPTION 
6.  3.  1  RLGM/CD  TRANSMIT  SIDE 

Equipment  side  inputs  to  the  RLGM/CD  are  balanced  NRZ  data  and  related 
timing.  Balanced  inputs  are  terminated  in  100  ohms.  Figure  6-2  shows  a 
block  diagram  of  the  RLGM/CD.  Interface  circuits  are  describee'  in  Section  2.7 
for  equipment  side  signals. 
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The  clock  is  fed  into  an  X2  multiplier  employing  a  phase-locked  loop  (see 
Figure  6-3),  since  a  clock  at  twice  the  data  rate  is  required  to  convert  binary  to 
conditioned  diphase.  A  strap  controlled  gate  selects  the  correct  phase-locked 
loop  frequency  divider  for  generating  the  binary-to-diphase  conversion  clocks  for 
each  data  gate.  The  data,  the  clock,  and  the  2X  clock  are  then  fed  into  a  binary 
to  diphase  converter  (see  Figure  6-4).  The  conditioned  diphase  out  of  the  con¬ 
verter  is  applied  to  a  cable  driver.  The  driver  consists  of  active  components  and 
presents  a  constant  output  impedance  to  data  as  well  as  to  audio  frequencies.  The 
driver  is  isolated  from  the  power  feed  by  a  blocking  capacitor. 


TIMING 

IN 


FIN 

N 

72 

4 

144 

2 

Figure  6-3.  X2  Multiplier 
6.  3.  2  RLGM/CD  RECEIVE  SIDE 

The  CX- 11230  cable  attenuation  between  72  kHz  and  144  kHz  is  fairly  flat. 
The  attenuation  for  3.  2  km  at  144  kHz  is  approximately  18  dB  and  is  about  17  dB 
at  72  kHz.  The  cable  receiver  will  restore  the  signal  to  approximately  2  V  p-p 
for  use  in  timing  recovery  and  data  detection. 

The  cable  will  be  equalized  for  maximum  length.  At  shorter  lengths,  the 
resulting  overshoot  will  be  clipped  off  and  the  signal  will  be  sliced  around  the 
cente  r. 

I*  igure  6-2  shows  the  block  diagram  ox  the  receive  side.  The  signal  from 
the  cable  is  ac  coupled  to  the  preamplifier  and  equalizer  through  a  blocking  capac¬ 
itor.  The  equalized  signal  is  filtered  in  a  high  pass  filter  to  remove  the  analog 
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Figure  6-4.  Binary  to  Diphase  Converter 

orderwire.  The  signal  is  then  amplified,  sliced,  and  sent  to  the  timing  recovery 
ci  rcuit. 

The  timing  recovery  circuit  is  a  phase-lccked  loop  consisting  of  a  voltage 
controlled  oscillator  (VCO)  locked  to  the  received  data  transitions  at  a  90-degree 
phase  angle  at  center  frequency.  The  transitions  are  made  in  the  transition  de¬ 
tector  which  consists  of  one-shots  generating  pulses  for  each  positive  and  negative 
transition  of  the  diphase  data.  The  pulses  sent  to  the  phase-locked  loop  are  equal 
in  width  to  approximately  one -half  cf  the  diphase  data  pulse.  Since  both  data  rates 
require  different  width  transition  pulses,  each  data  rate  employs  separate  one- 
shots.  The  proper  pulsewidth  output  is  selected  through  a  selector  gate  controlled 
by  an  external  strap.  An  exclusive  OR  phase  detector  in  the  phase-locked  loop 


c 

t 
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compares  the  data  transitions  to  the  VCO  timing  transitions.  At  center  frequency, 
the  data  and  VCO  timing  transitions  are  at  a  90-degree  phase  angle  and  the  phase 
detector  output  pulses  are  one-half  the  width  of  the  input  pulses.  Any  positive  or 
negative  offset  from  the  center  frequency  proportionately  increases  or  decreases 
the  width  of  the  phase  detector  output  pulses.  The  output  pulses  are  filtered  to 
give  the  control  voltage  to  the  VCO.  The  VCO  output  is  either  left  alone  or  divided 
by  two,  depending  upon  the  data  rate  (see  Figure  6-5),  The  72  or  144  Kb  data 
rate  will  be  a  strap  option  depending  on  a  16  or  32  Kb  DSUT  rate. 

The  diphase  data  from  the  preamplifier  is  sampled  twice  per  bit  by  the 
2X  clock  produced  in  the  timing  recovery  circuit.  Interference  from  noise  or 
crosstalk  on  the  shielded  cable  has  bee"  "<=Hmated  to  be  at  least  20  dB  belov'  the 
diphase  signal  level. 

The  signal  out  of  the  amplifier  is  sliced  by  a  comparator  referenced  to 
0  volt.  The  resultant  logic  level  is  strobed  into  a  diphase  to  binary  converter  by 
the  rising  edge  of  the  2X  clock  (see  Figure  6-6).  The  converter  consists  of  a 


2XCLK 


Figure  6-5.  Clock  Recovery  Loop 


Figure  6-6.  Diphase  to  Binary  Converter 

three  bit  shift  register  with  the  first  and  third  outputs  applied  to  an  exclusive  OR 
circuit.  The  output  of  the  exclusive  OR  circuit  is  then  resampled  at  the  data  rate. 

The  recovered  data  and  timing  are  then  applied  to  balanced  NRZ  drivers. 

6.3.3  RLGM/CD  POWER  FEED 

The  power  supply  for  the  RLGM/CD  (described  in  Section  14)  provides 
180  Vdc  at  300  mA,  This  voltage  is  fed  down  the  cable  as  means  of  powering  the 
RLGM.  The  current  is  split  up  by  applying  the  180  volts  to  both  transmit  and 
receive  lines.  Therefore,  the  diphase  data  in  and  out  and  the  transmit  and  receive 
orderwire  are  superimposed  on  the  dc  voltage.  AC  isolation  is  provided  by  block¬ 
ing  coils  in  both  power  feeds. 

6.3.4  MAINTENANCE  ORDERWIRE 

An  analog  voice  orderwire  is  provided  with  eac..  cable  driver.  The  order- 
wire  is  completely  passive  in  the  RLGMCD  and  will  operate  with  m  without  unit 
power  or  with  a  faulty  RLGMCD  in  the  system.  Audio  transformers  interface 
Hie  orderwire  with  the  cable. 
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6.  3.  5  BITE  (BUILT-IN  TEST  EQUIPMENT)  AND  ALARMS 

Various  points  within  the  RLGM/CD  are  monitored  for  proper  operation, 
such  as  activity  detection  of  signal  inputs  and  outputs  and  phase -locked  loop-in- 
lock  detection.  These  status  points  will  enable  fault  isolation  to  a  single  printed 
circuit  board.  An  LED  indication  is  provided  on  each  driver  card  for  ease 
in  fault  isolation. 

Any  detected  fault  within  the  unit  will  activate  a  summary  fault  light  and  will 
also  provide  a  dc  closure  at  pins  of  an  external  connector.  This  is  called  an  S 
alarm  (see  Figure  6-1).  Two  other  alarms,  SA  and  LS,  will  provide  dc  closures 
at  pins  of  the  external  connector.  SA  alarm  will  indicate  a  fault  within  the  unit 
and  loss  of  input  cable  signal  will  inhibit  the  SA  alarm.  LS  alarm  will  indicate 
loss  of  incoming  signal  on  either  CX-11230  cable. 

6.  3.  c  CABLE  INTEPFACE 

A  card  called  the  Cable  Interface  is  common  to  both  drivers  and  contains 
the  orderwire  circuitry  and  the  blocking  capacitors.  The  power  feed  ac  blocking 
coils  are  placed  in  the  power  supply.  Two  smaller  inductance  coils,  one  in  the 
transmit  power  feed  and  one  in  the  receive  power  feed,  are  located  on  the 
interface  board  to  block  any  noise  from  the  cable  getting  into  the  power  supply. 

The  line  EMP  protection  diodes  are  also  located  on  this  panel  on  the  cable 
driver  side  of  the  blocking  capacitors. 

The  +180  volt  power  feed  are  isolated  to  this  card  and  are  not  present 
on  the  two  cable  driver  cards. 

6.  3.  7  EMI 

The  equipment  side  signal  lines  into  and  ou'.  of  this  device  are  balanced. 

The  balanced  lines  carry  the  traffic  at  rates  of  72  or  144  kB/s.  This  balance  is 
the  primary  suppression  mear.o.  Shielded  twisted  pairs  such  as  RG-108  are  con¬ 
nected  here  to  maintain  good  EMI  suppress  ion.  There  is  a  floating  alarm  which 

appears  as  a  balanced  line.  All  equipment  side  signals  in  this  unit  are  digital, 

2 

having  a  basic  (sinx/x)  spectral  response.  The  clock  line  is  chosen.  to  be  balanced 

2  2 

for  TEMPEST  teasons.  The  diphase  line  signal  has  an  (sin  X/X)  spectral  shape, 
waveshaping  required  for  EMI  suppression  will  be  less  serious  than  the  cable. 
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The  power  line  has  a  single  EMI  filter  specified  for  dc,  60  Hz  and  400  Hz 
This  makes  it  larger  than  a  conventional  filter,  but  smaller  than  two  filters. 

The  power  line  filter  has  an  integral  power  line  connector  which  gives  far  better 
performance  and  saves  additional  space. 

6.3.8  HFE 

The  RLGM  Cable  Driver  design  incorporates  the  requirements  of  MIL- 
STD-1472  to  the  maximum  extent  possible,  consistent  with  operational  require¬ 
ments  and  physical  design  limitations  imposed  by  TT-B1 -2202-001  3  performance 
specification. 

The  unit  BITE  control  and  alarm  is  positioned  for  rapid  recognition  and 
ease  of  identification. 

Connections  are  located  on  the  rear  of  the  case  and  are  positioned  to 
ensure  maximum  accessibility.  Front  and  rear  panel  layouts  are  shown  in 
Figures  6-7  and  6-8. 

Unit  weights  imposed  by  the  specifications  are  within  the  requirements  of 
MIL-STD- 1 472. 

o.3.9  RELIABILITY 

The  reliability  requirement  for  a  single  RLGM  Cable  Driver  as  contained 
in  Specification  TT -B1 -2202 -00 1 3,  Rev.  1,  is  an  MTBF  of  4000  hours  (2 50 
failures  per  million  hours).  The  reliability  prediction  and  the  demonstrated 
results  are  summarized  in  Table  6-2. 


Figure  6-7.  RLGM  Cable  Driver  Front  Panel 


RLGM  Cable  Driver  Rear  Panel 
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TABLE  6-2 

REMOTE  LOOP  GROUP  MULTIPLEXER/ 
CABLE  DRIVER  RELIABILITY 


Specified 

MTBF  (Hrs ) 

Predicted 

MTBF  (Hrs) 

Demonstrated 
MTBF  (Hrs) 

Single 

4000 

18,457 

13,  600  (Note) 

Dual 

. 

N/A 

16,  889 

6,  800  (Note) 

! 


NOTE:  There  were  no  failures  during  the  demonstration  test.  The 
hours  listed  indicate  the  minimum  demonstrated  MTBF,  by 
assuming  a  failure  just  after  the  test. 


1 


6-13 


RAYTHEON 

equipment 


COM  PA  N  Y 

DIVISION 


RAYTHEON 


SECTION  7 
RMC 


(See  Sylvania  writeup  -  Volume  II). 


RAYTHEON  CO 

EQUIPMENT  Ol 


MPA  NY 

VISION 


SECTION  8 
TGM 

8.  1  DESIGN  GOALS  AND  REQUIREMENTS 

The  performance  goals  are  as  enumerated  in  the  specification  with  the 
exception  of  the  frame  storage  capability.  The  present  design  is  capable  of 
sufficient  storage  for  a  maximum  g  -oup  size  of  144  channels. 


When  the  TGM  is  used  in  r,  system  where  the  channels  have  a  16  kb/s 
rate  and  the  frame  has  a  2  kb/s  rate,  it  will  not  deliver  a  4608  or  4096  kb/s 
supergroup.  This  would  contain  288  channels  and  could  not  be  accepted  by 
any  other  TRI-TAC  elemen’.s.  Providing  the  added  capability  would  increase 
the  complexity  and  power  dissipation  of  the  equipment. 

Table  8-1  contain  i  a  summary  of  the  TGM  functional  requirements 
primarily  as  stated  ir  the  specification  with  the  exception  of  the  power 
dissipation  and  weight.  The  TGM  Group  rate  structure  in  shown  in  Tables 
8-2,  8-3,  and  8-4  for  the  various  classes  of  input  rates. 

With  respect  to  the  output,  the  TGM  formats  two  types  of  supergroup 
outputs: 

a.  Normal  -  The  supergroup  output  of  the  TGM  is  formed 
by  aligning  the  frames  (except  for  single  channel  operation),  and  then  bit  inter¬ 
leaving  the  group  inputs;  where  no  frame  (and  no  overhead  bits)  appear  in  groups 
inputs  2,  3,  or  4,  the  same  format  is  adopted,  but  with  no  frame  alignment 
of  such  groups  and  with  overhead  bit  positions  replaced  by  traffic  bits.  The 
appropriate  format  for  each  combination  of  group  inputs  identified  in  Table  3-1 
is  listed  below:  O  =  an  overhead  bit  from  the  group  input  to  Port  N  and  N  = 
a  traffic  bit  from  the  group  input  to  Port  N. 
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TABLE  8-1 


TGM  FUNCTIONAL  REQUIREMENTS 


r 

Number  of  Groups: 

Up  to  Four 

Group  Rate: 

72  kb/s  to  2304  kb/s 

Type  of  Multiplexing: 

Synchronous 

Croup  Interface: 

Balanced  NRZ  and  Timing 

Super  Group  Rate: 

128kb/s  to  4608  kb/s 

Super  Group  Interface: 

Balanced  NRZ  and  Timing 

BITE: 

Locates  equipment  faults  to  replaceable 
subassembly 

Telemetry  Output: 

150  b/s  giving:  Frame  status  for  groups 

and  super  group:  loss  of 
receive  group  or  super 
group;  super  group  frame 
error  count. 

Telemetry  Transmission: 

2  kb/s  telemetry  subchannel,  balanced 

NRZ  and  timing. 

Timing: 

Transmit 

timing  from:  Station  clock;  receive 

supergroup;  group  1  on 
low  speed  side. 

Framing: 

Within  50  ms  for  4  kb/s  frame  rate  with 
minimum  probability  0.9  in  0.  1  percent 

BER  random  errors;  and  within  100  ms 
with  minimum  probability  0.9  in  20  percent 
Burst  BER  at  1  to  20  Hz  rate  with  five  per¬ 
cent  duty  cycle. 

MTBF: 

5000  hours 

Power: 

115  Vac  f-10%,  50  to  400  Hz  or  24  dc  battery, 
50  watts  maximum  input. 

Size: 

8 -  1  / 2 1  ’  H  x  12"  D  x  19"  rack  mount. 

j  Weight: 

10  kg 
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TABLE  8-2 


TGM  GROUP  RATES 


Input  Bit  Rates 

kb/s) 

Output  Bit 
Rate  (kb/s) 

Frame 

Format!/ 

Input  No.  1 

2 

3 

4 

2048 5/ 

2048 

0 

0 

4096^ 

A1 

2048 

1024  ■>! 

1024 

0 

4096 

B 

2048 

128  - 1024=^ 

0,  128-512 

0, 128-512 

4096 

C 

1024 

1024 

128-1024 

0, 128-1024 

4096 

A3 

1024 

512 

512 

128-512 

4096 

A3 

1024 

1024 

0 

0 

2048 

Al 

1024 

512 

512 

0 

2048 

B 

1024 

128-512 

0,  128,  256 

0,  128,  256 

2048 

C 

512 

512 

128-512 

0.  128-256 

2048 

A3 

512 

256 

256 

128,256 

2048 

A3 

512 

512 

512 

0 

1536^/ 

A2 

512 

512 

0 

0 

1024 

Al 

512 

256 

256 

0 

1024 

3 

512 

128,256 

0,  128 

0,  128 

1024 

C 

256 

256 

128, 256 

0,  128,  256 

1024 

A3 

256 

128 

128 

128 

1024 

A3 

512 

0 

0 

0 

512 

* 

256 

256 

0 

0 

512 

Al 

2  56 

128 

0,  128 

0 

512 

B 

128  4/ 

128 

128 

0,  128 

512 

A3 

256 

0 

0 

0 

2  56 

❖ 

128^ 

128 

0 

0 

256 

Al 

128 

_ 

0 

_ 

0 

0 

128 

* 

*The  overhead  and  traffic  bit  relationship  is  identical  to  the  input  overhead 
and  traffic  bit  relationship. 


Notes: 

\J  X-Y  means  X  cr  Y  or  any  standard  intermediate  bit  rate,  e.g.,  128-1024 
means  128  or  256  or  512  or  1024. 

2 /  For  the  512,  512,  512,  0  kb/s  input  bit  rate  combination,  both  2048 
and  1536  kb/s  output  rated  are  applicable,  and  the  required  output  rate  is 
switch  selectable. 

3 j  For  the  512,  512,  512,  0  kb/s  input  bit  rate  combination,  both  2048  and 

1536  kb/s  output  rates  are  applicable,  and  the  required  output  rate  >s  switch 
selectable. 

4 J  128  kb/s  input  group  rate  will  only  be  utilized  with  a  16  kb/s  channel  rate. 

_5 J  Wi*h  16  kb/s  channels,  the  maximum  output  bit  rate  is  2048  kb/s  (128 
channels),  the  maximum  input  bit  rate  is  1024  kb/s  (64  channels). 
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TABLE  8-3 
TGM  GROUP  RATES 


Input  Bit  Rates  (kb/s 

) 

Output  Bit 
Rate  (kb/s) 

Frame 

Format^/ 

Input  #1 

Input  §2 

Input  #3 

Input  #  4 

2304 1/ 

2304 

0 

0 

4608^/ 

A1 

2304 

1152  21 

1152 

0 

4608 

B 

2304 

144-1152--' 

0,  144-576 

0, 144-576 

4608 

C 

1152 

1152 

144-1152 

0, 144-1152 

4608 

A3 

1152 

576 

576 

144-576 

4608 

A3 

1152 

1152 

0 

0 

2304 

A1 

1152 

576 

576 

0 

2304 

B 

1152 

144-576 

0,  144, 288 

0,  144,288 

2304 

C 

576 

576 

144-576 

0,  144-576 

2304 

A3 

576 

288 

288 

144, 288 

2304 

A3 

576 

576 

0 

0 

1152 

A 1 

576 

288 

288 

0 

1152 

B 

576 

144-288 

0,  144 

0,  144 

1152 

C 

288 

288 

144,288 

0,  144,288 

1152 

A3 

288 

144 

144 

144 

1152 

A3 

576 

0 

0 

0 

576 

* 

288 

288 

0 

0 

576 

A 1 

288 

144 

0,  144 

0 

576 

B 

144  U 

144 

144 

0,  144 

576 

A3 

288 

0 

0 

0 

288 

❖ 

144.1 J 

144 

0 

0 

288 

A 1 

144 

0 

0 

L° 

144 

* 

*The  output  overhead  and  traffic  bit  relationship  is  identical  lo  the  input 
overhead  and  traffic  bit  relationship 


Notes : 

1 J  X-Y  means  X  or  Y  or  any  standard  intermediate  bit  rate;  e.  g.  ,  144-1152 
means  144  or  288  or  576  or  1152. 

2 j  144  kb/s  input  group  rate  is  only  utilized  with  a  16  Kb/s  channel  rate. 

3J  144  kb/s  input  group  rate  is  only  utilized  with  a  16  Kb/3  channel  rate. 

4 j  With  16  kb/s  channe’s,  the  maximum  output  bit  rate  is  2304 

kb's  (144  channels),  the  maximum  input  bit  rate  is  1152  kb/s  (72  channels) 
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TABLE  8-4 

TGM  GROUP  RATES 
(RLGM  OPERATION) 


Input  Bit  Rate  (kb/ 

s) 

Output  Bit  Rate  (kb/s) 

Input  #1 

Input  #2 

Input  #3 

Input  #4 

144 

-- 

-- 

-- 

288  (9  ch) 

144 

144 

-- 

-- 

288  (9  ch) 

144 

144 

144 

-- 

576  (18  ch) 

144 

144 

144 

144 

576  (18  ch) 

Notes: 


1.  Bit  rates  reduced  by  a  factor  of  two  when  loop  rate  is 
reduced  to  16  kb/s. 


Where  appropriate,  the  bits  of  low  rate  group  inputs  will 
be  multiple  sampled  to  provide  the  correct  interleaving  patterns. 

For  single  channel  operation,  the  supergroup  overhead  and 
traffic  bit  relationship  is  idertical  to  the  overhead  and  traffic  bit  relation¬ 
ship  on  group  number  one. 


Format  Al. 
Format  A2. 
Format  A3. 
Format  B. 
Format  C. 


Oj,  02,  1,  2,  1,2, . 

Oj,  02,  03,  1,  2,  3,  ,  2,  3, . 

Oj  02,  03,  04,  1,2,  3,4,  1,  2,  3,4, . 

Oj,  02,  1,  03,  1,2,  1,  3,  1,2,  1,  3, . 

Oj,  02,  1,  0  ,  1,2,  1,  04>  1,2,  1,  3,  1,2,  1,4, 


b.  RLGM  -  The  TGM  accepts  one  to  four  RLGM  group 
inputs  and  produce  a  supergroup  frame  output  for  a  nine  and  18  channel  con¬ 
figuration  as  listed  in  Table  8-4.  The  nine  channel  supergroup  output  is 
a  serial  bit  stream  consisting  of  an  overhead  channel  bit  followed  by  eight 
traffic  bits.  These  traffic  bits  will  be  assigned  in  the  following  order:  Channel 
l  from  group  1,  channel  1  from  group  2,  channel  2  from  group  1,  channel  2 
from  group  2,  --,  channel  4  from  group  2.  For  the  18  channel  configuration. 
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the  group  output  is  serial  bit  stream  consisting  of  an  overhead  channel  bit 
followed  by  a  spare  bit  which  is  set  to  one,  followed  by  16  traffic  bits  de¬ 
rived  from  RLGM  group  inputs.  These  traffic  bits  will  be  assigned  in  the  follow¬ 
ing  order:  Channel  1  from  group  1,  channel  1  from  group  2,  channel  1  from 
group  3,  channel  1  from  group  4,  channel  2  from  group  1,  channel  2  from  group 
2,  channel  2  from  group  3,  channel  2  from  group  4,  ,  channel  4  from  group  4. 

8.2  DESIGN  APPROACH 

Figure  8-1  shows  a  block  diagram  of  the  Trunk  Group  Multiplexer.  The 
unit  consists  basically  of  four  Group  Multiplexer /Demultiplexer  modules,  which 
reclock  and  delay  the  group  input  and  output  signals  so  as  to  be  able  to  line  them 
up  in  an  overall  supergroup  reference.  In  each  Group  Mux/Demux  module  are 
the  associated  input  and  output  buffering,  circuits  and  sufficient  delay  storage 
to  line  the  individual  groups  up  with  the  supergroup  frame.  Frame  sensing  logic 
is  also  incorporated  in  each  of  these  modules  so  as  to  sample  the  frame  bit  as 
required.  While  the  frame  sensing  logic  is  done  on  a  per  channel  basis,  the 
actual  framing  procedure  algorithm  and  control  of  the  framing  for  the  wupergroup 
and  all  four  groups  is  done  in  the  microcontroller  module. 

The  individual  groups  are  combined  into  a  supergroup  on  the  Supergroup  B 
Module.  Here,  the  supergroup  is  combined  and  reclocked,  and  telemetry  and 
framing  patterns  are  introduced.  The  supergroup  is  demultiplexed  on  the  Super¬ 
group  Timing  module  and  feeds  the  individual  group  modules  for  outputting  the 
demultiplexed  group  signals.  This  module  also  generates  the  associated  group 
clocks  and  timing  reference  for  delaying  the  input  supergroup  frame.  The  Super¬ 
group  B  module  contains  the  necessary  circuitry  for  buffering  and  aligning  the  in¬ 
coming  data  to  the  internal  supergroup  frame  reference.  The  frame  sensing  logic 
for  the  supergroup  reception  is  done  on  this  module,  however,  controlling  the 
frame  synchronization  is  done  on  the  Microcontroller  module.  The  micro¬ 
controller  utilizes  the  same  framing  algorithm  and  procedure  for  each  group  in¬ 
put  as  well  as  the  supergroup  input.  Asa  result,  the  same  hardware  can  be 
utilized  for  all  five  framing  programs,  and  be  time-shared  among  them. 

Figure  8-2  shows  a  flow'  chart  of  the  framing  procedure  required.  Basically, 
all  data  is  input  on  the  I/O  bus  and  the  algorithm  and  procedural  control  imple¬ 
mented  within  the  microcontroller.  Results  or  actions  to  be  taken  is  outputted 
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Figure  8-1.  TGM  Block  Diagram 
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Figure  8-2.  Synchronizer  Flow  Chart 
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on  the  I/O  bus  to  individual  modules  as  required.  Timeouts  required  is  im¬ 
plemented  using  a  500  Hz  interrupt  counted  within  the  microprocessor.  Strapping 
options  and  other  manual  control  inputs  are  implemented  using  status  registers 
connected  to  the  I/O  bus. 

The  procedure  is  basically  identical  to  that  of  the  TCC-39  switch.  Since 
it  is  a  handshaking  procedure,  it  is  essential  that  the  DGM  use  exactly  the  same 
procedure  to  provide  interoperability.  The  algorithm  utilizes  the  TCC-39 
switch  analysis  and  resulting  parameters  to  meet  both  the  specification  framing 
and  TCC-39  switch  interoperability  requirements. 

The  synchronization  time  starts  when  Unit  1  detects  that  it  is  out  of  frame 
sync.  Unit  1  sends  1111  --  frame  and  ZEROs  on  the  data  channel  to  indicate 
that  it  is  out  of  frame  sync.  Unit  2  uses  a  30  out  of  32  criterion  to  detect 
1111  --  frame  and  a  176  out  of  512  criterion  to  detect  all  ZEROs  on  the  data 
channels.  Unit  2  detects  that  Unit  1  is  out  of  frame  when  both  of  these  detection 
criteria  are  met.  Unit  2  detects  that  Unit  1  is  out  of  frame  within  10.5  ms  for 
a  4  kb/s  frame  signal  and  21  ms  for  a  2  kb/s  frame  signal.  An  additional  aver¬ 
age  detection  delay  of  25  ms  is  expected  in  burst  noise  environment.  When  unit  2 
detects  that  Unit  1  is  out  of  frame,  it  removes  all  data  and  transmits  only  1010  -- 
frame.  Unit  1  searches  for  and  acquires  1010  --  frame  synchronization  within 
10.7  ms  for  a  4  kb/s  frame  signal  and  within  21.5  ms  for  a  2  kb/s  frame  signal. 
Upon  acquiring  frame  sync.  Unit  1  changes  its  transmit  frame  signal  from  1111  — 
f ra me  to  1010  --  frame  and  connects  data  to  the  data  channels.  Unit  2  detects 
the  1010  --  frame  and  data  in  the  same  manner  that  it  detected  1111  frame  and 
ZEROs  on  the  data  channels  above.  When  Unit  2  detects  that  Unit  1  is  in  frame, 
it  connects  data  to  the  data  channels  and  communication  is  restored. 

Since  Unit  2  can  switch  from  the  all  ONEs  pattern  to  an  alternate  zero-one 
patterns  while  Unit  1  is  still  looking  for  the  all  ONEs  pattern,  separate  all  ONEs, 
zero-one  and  one-zero  searches  will  be  made.  These  will  be  made  concurrently 
on  frame  bits.  All  three  cumulative  counts  will  be  tested  for  the  30  out  of  32 
criterion.  If  any  one  passes  this  test,  the  frame  pattern  has  been  detected  and 
the  program  continued  looking  for  176  out  of  512  ZEROs  on  the  data  channels. 

As  a  result  of  using  a  microcontroller  for  the  synchronizer,  the  additional  counters 
required  manifest  themselves  as  additional  locations  in  RAM.  There  are  sufficient 
storage  locations  in  RAM  so  no  increase  in  hardware  results. 
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A  microcontroller  was  selected  here  as  the  best  approach  for  the  sync 
algorithm  for  a  number  of  reasons.  First,  the  same  algorithm  must  be  utilized 
for  five  different  inputs.  This  could  be  accomplished  using  five  different  logic 
circuits,  however,  they  would  be  running  only  a  very  small  fraction  of  the  over¬ 
all  time.  As  a  result,  the  overall  duty  cycle  of  the  circuits  would  be  quite  low. 
One,  therefore,  would  like  to  time- share  synchronizer  circuits.  With  respect 
to  the  synchronizer  algorithm  itself,  a  maximum  amount  of  flexibility  is  desir¬ 
able  so  that  the  algorithm  may  be  changed  at  future  dates  to  improve  the  system 
with  a  minimum  amount  of  changes  to  the  hardware.  Both  of  these  requirements 
lend  themselves  to  the  use  of  a  microcontroller  where  random  logic  may  be  most 
easily  implemented  and  changed  merely  by  changing  the  firmware,  that  is,  pro¬ 
grammable  read-only  memories  in  the  microcontroller. 

With  respect  to  the  storage  requirements  of  the  multiplexer,  a  number  of 
approaches  were  considered.  A  centralized  RAM  storage  for  all  groups  was 
first  considered,  however,  it  was  discounted  because  the  speed  requirements 
would  have  been  too  great  for  present  day  technology  utilizing  a  single  RAM.  If 
the  RAM  were  segmented  into  words,  it  was  felt  that  the  same  storage  require¬ 
ments  would  be  the  same  as  for  the  segmentation  of  a  RAM  on  a  group  basis. 
Segmenting  the  RAM  on  a  group  basis  also  allows  for  identical  group  modules 
to  be  utilized  rather  than  one  larger  special  module.  In  selecting  the  individual 
integrated  circuits  to  use  for  storage,  a  RAM  was  used  because  of  the  speed  re¬ 
quirements  and  the  ability  to  change  the  total  number  of  bits  used  within  the 
device.  In  determining  the  specific  device  to  be  used  for  storage,  a  1024  by  1 
and  a  256  by  1  RAM  were  considered.  The  dissipation  for  the  larger  RAM  was 
found  to  be  approximately  the  same  as  that  of  three  of  the  smaller  RAMS  which 
would  give  adequate  storage  capabilities.  As  a  result,  the  larger  RAM  was 
used. 

An  attempt  was  made  to  incorporate  the  input  FIFO  into  the  group  RAM 
storage,  but  was  dii  continued  when  a  single  integrated  circuit  FIFO  was  found 
to  be  available.  With  this  circuit,  the  complexity  of  the  design  was  greatly 
reduced.  The  FIFO  to  be  v.sed  contains  64  bits  and,  as  a  result,  does  not 
contain  the  buffering  capabilities  stated  in  the  proposal  (256  bits).  However, 
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use  of  this  single  integrated  circuit  considerably  reduces  the  power  require¬ 
ments  over  the  256  bit  FIFO  which  must  be  designed  with  many  separate 
MSI  functions. 

The  specification  does  not  identify  any  requirements  for  the  FIFO.  The 
requirement  of  inputs  from  extension  facilities,  where  no  master  clock  exists, 
due  to  radio  or  cable  jitter  of  +2  (isec  is  19  bits.  If  inputs  came  from  different 
nodes  having  different  master  clocks,  163  bits  would  be  required.  Since  this 
requirement  apparently  does  not  exist,  the  64  bit  FIFO  is  more  than  adequate, 
and  is  used. 

A  separate  module  is  utilized  for  generating  the  telemetry  signals 
required  for  the  TGM.  In  addition,  a  timing  module  is  incorporated  so 
as  to  generate  all  clock  circuits  required  for  the  other  modules  from  the  group 
input  clock,  station  clock,  or  supergroup  input  clock  utilizing  a  pha.se  lock  to 
obtain  a  basic  clock  frequency  of  4.608  MHz  or  4.096  MHz.  TEMPEST  buffers 
are  provided  on  all  BLACK  inputs  and  outputs,  i.  e.  ,  all  non-group  and  super¬ 
group  data  and  clock  inputs  and  outputs. 

8.  3  DETAILED  DESIGN  DESCRIPTION 

8.  3.  1  GROUP  MUX/DEMUX  MODULE 

Figure  8-3  shows  a  detailed  block  diagram  of  the  Group  Mux/Demux  module. 
This  module  basically  contains  all  the  delay  storage,  frame  sensing  logic  and  re¬ 
clocking  required  for  each  of  the  group  input/output  signals.  The  group  input 
data  signals  and  clock  are  clocked  into  a  64  bit  FIFO.  This  unit  has  totally 
asynchronous  input  and  output  docks  and,  therefore,  accomplishes  the  clock 
buffering  between  input  groups  and  the  TGM.  In  addition,  it  supplies  the  capa¬ 
bility  of  +32  bits  of  delay  variation  on  the  input  signal.  19  bits  is  adequate 
for  radio  or  cable  extensions.  As  a  result,  more  than  adequate  storage  require¬ 
ments  have  been  implemented.  This  serial  output  bit  stream  from  the  FIFO 
drives  the  frame  sample  logic. 
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The  frame  sample  logic  searches  for  the  framing  bit  and  sample  bit. 

The  logic,  under  a  command  from  the  microcontroller  initiates  search  for 
the  frame  bit  at  the  bit  rate.  When  a  one  is  detected  in  the  frame  sample  logic, 
the  count  in  the  frame  bit  counter  located  on  the  timing  circuits  will  be  stored 
in  a  delay  storage  register  located  on  this  module.  The  frame  bit  counter  sup¬ 
plies  a  delay  count  for  each  of  the  modules.  Therefore,  the  relative  position 
of  the  sample  framing  bit  is  stored  locally  on  this  module.  As  a  result,  the 
relative  group  frame  bit,  positions  itself  to  a  common  reference  (the  frame  bit 
counter).  After  the  detection  of  the  frame  bit,  the  microcontroller  interface 
circuits,  which  are  primarily  a  set  of  D  flip-flops  and  decoders,  will  raise  an 
interrupt  request  for  the  microcontroller  to  allow  it  to  process  the  sampled  bit. 
The  microcontroller  services  the  interrupt  and  performs  a  step  in  the  algo¬ 
rithm  before  the  next  trial  frame  bit  occurs  (250  microseconds  later). 

The  frame  bit  counter  having  counted  the  total  number  of  bits  per  frame 
will,  one  frame  later,  present  the  same  number  as  stored  in  the  delay  register. 
The  comparator  compares  these  two  and  presents  a  sample  pulse  to  the  frame 
sample  logic  to  sample  the  next  frame  bit.  Once  again,  an  interrupt  occurs 
for  the  sync  algorithm  and  the  algorithm  continues  to  process  the  bits.  When 
the  frame  pattern  is  finally  detected  and  the  non-zero  data  bits  must  be  counted, 
they  are  counted  in  a  counter  located  on  this  module  and  again  the  results  trans¬ 
mitted  to  the  microcontroller  for  evaluation  in  the  algorithm. 

When  finally  synchronized,  the  delay  storage  register  contains  the  re¬ 
quired  delay  from  a  fixed  reference  point  (frame  bit  counter)  for  the  individual 
group  bit  stream.  This  number  is  used  as  the  modulus  is  on  an  address 
counter  for  a  1024  by  one  RAM  which  stores  the  data  for  that  particular 
channel.  For  each  bit,  the  address  counter  is  incremented,  the  data  being 
read  out  prior  to  writing  in  of  new  data.  A  delay  equal  to  that  of  the  modulus 
is  thus  obtained.  The  output  data  is  gated  to  either  all  one's  or  all  zero's  as 
required  by  the  framing  algorithm  through  microcontroller  interface  circuits, 
and  the  reclocking  flip-flop  on  the  output  of  the  RAM.  This  output  feeds  the 
supergroup  combiner  where  it  is  combined  with  the  other  channels. 

Figure  8-4  shows  the  microcontroller  Interface  Circuits  block  diagram  used 
on  the  Group  or  Supergroup  A  modules. 
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Figure  8-4.  Microcontroller  Interface  Circuits  on  Group  or  Supergroup  Modules 
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If  the  module  requests  servicing,  it  sets  the  interrupt  flip-flop.  Upon 
recognizing  the  interrupt,  the  microcontroller  addresses  the  module  on  the 
four  bit  address  bus.  The  microcontroller  subsequently  enables  the  module  data 
onto  the  input  bus  with  the  strobe  pulse  for  its  duration  while  resetting  the  inter¬ 
rupt  flip-flop.  Since  only  one  module  is  addressed  at  a  time,  this  is  the  only  data 
to  appear  on  the  bus  at  that  time.  Furthermore,  since  the  drivers  are  open  col¬ 
lector,  they  only  drive  the  line  when  enabled  and,  as  a  result,  do  not  load  the 
bus  when  disabled. 

If  data  is  to  be  loaded  into  the  module  from  the  microcontroller,  the  module 
is  addressed  using  the  address  bus  and  the  data  is  placed  on  the  output  data  bus. 
The  microcontroller  then  enables  the  load  pulse  and  the  data  is  read  into  the 
output  control  register  on  the  g~oup  module. 

This  module  also  contai  is  the  reciocking  and  gating  circuits  required  for 
the  output  of  the  supergroup  demultiplexer.  The  local  group  telemetry  and 
frame  pattern  are  added  in  these  circuits  as  required.  The  reclocking  and 
gating  circuit  outputs  drive  the  group  clock  and  data  outputs.  The  information 
tor  the  framing  and  associated  control  signals  required  as  a  result  of  group 
level  in-frame/out-of-frame  status  is  obtained  once  again  from  the  micro- 
troller  through  the  interface  circuits  on  the  module. 

Bite  test  points  monitored  on  the  Group  Mux/Demux  module  are  as  follows: 

Demux  Group  Data  In  (from  Supergroup) 

Frame  Pulse  In  (from  Supergroup  Timing) 

Terminal  Count  of  RAM  Address  Counter 
Group  Data  Clock  Out  (to  external  interface) 

Demux  Group  Data  Out  (to  external  interface) 

FIFO  Reset 

Terminal  Count  of  Data  512  Counter 
Group  Rate  Zero 

Tx  Data  Clock  In  (from  Supergroup  Timing) 

Rx  Internal  Group  Clock  In  (from  Timing  Module) 

Group  Tx  Data  Out  (to  Supergroup) 

Interrupt  Flip-Flop 

Rx  Group  D^ta  In  (from  External  Interface) 

R x  In  Sync 

Rx  Group  Clock  In  (from  External  Interface) 
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8.3.2  SUPERGROUP  A  MODULE 

The  Supergroup  A  Module,  Figure  8-5,  contains  the  interface  circuits  { 

\ 

delay  storage  and  frame  sensing  logic  required  for  the  supergroup  data  input. 

These  circuits  are  conceptually  the  same  as  those  used  on  the  Group  Mux/Demux 
module  with  a  few  exceptions. 

Since  a  supergroup  input  clock  is  available,  the  input  data  need  only  be  re¬ 
clocked  and  no  elastic  store  is  required. 

With  respect  to  the  microcontroller  interface  circuits,  the  transparent 
channel  bit  has  been  omitted.  In  addition,  the  TED  Resync  command,  TED  Resync 
Achieved  and  Frame  Inhibit  signals  have  been  added.  These  allow  the  additional 
controlling  the  TED  sync  and  supergroup  framing  from  the  microcontroller. 

The  RAM  storage  for  the  supergroup  is  twice  that  required  for  the  super-  ( 

group  modules.  As  a  result,  two  1024X1  RAM's  are  used  in  a  1024X2  bit  word. 

This  configuration  was  used  so  that  the  RAM's  may  run  at  half  the  speed  (a  more 
conservative  design).  The  RAM  output  is  recombined  into  a  single  serial  bit 
stream  at  its  output.  The  RAM  delay  addressing  circuitry  is  similar  to  that  of  ^ 

the  group  module  with  the  exception  that  eleven  bits  are  required  to  address  the 
complete  delay  range.  The  delay  count  input  is  derived  from  the  Supergroup  ^ 

Timing  Module  frame  counter. 

The  following  points  on  the  Supergr-iup  A  Module  will  be  monitored  for 

BITE: 

Interrupt 

RAM  Address  counter  output 
Data  Not  Zero  output 
RAM  Write  Enable  pulse 
Delayed  Data  In 
Data  Out 

Supergroup  Clock/2 

8.  3.  3  SUPERGROUP  TIMING  MODULE 

Figure  8-6  shows  a  block  diagram  of  the  Supergroup  Timing  module. 
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Figure  8-5.  Supergroup  A  Module 
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Figure  8-6.  Supergroup  Timing 

The  frame  search  counter  divides  the  Supergroup  input  clock  by  the  number 
of  bits  per  frame  for  the  chosen  rate.  The  count  (delay  count)  is  continually  sent 
to  the  Supergroup  A  Module  which  determines  at  what  count  the  frame  pulse  occurs 
and  delays  the  input  data  so  that  the  frame  pulse  arrives  at  the  Supergroup  Timing 
Module  coincident  with  the  frame  search  counter's  lowest  or  loaded  count. 


The  overhead  rate  counter  divides  the  Supergroup  input  clock  by  a  number 
that  achieves  the  overhead  rate.  In  the  normal  mode  an  overhead  gate  is  generated 
at  its  loaded  count.  In  the  RLGM  mode  the  overgate  is  terminated  by  the  first 
load  pulse  not  coincident  with  load  pulse  of  the  frame  format  counter.  The  load 
pulse  of  the  overhead  rate  counter  is  synchronized  with  the  load  pulse  of  the  frame 
search  counter. 


The  rate  PROM-controlled  or  addressed  by  a  manual  rate  switch- determines 
the  counting  intervals  for  the  overhead  counter  and  the  frame  search  counter 
since  :ts  interval  is  always  eight  times  that  of  the  overhead  counter's.  The  over¬ 
head  PROM  generates  the  group  clock  pulse  and  then  overhead  bits  positions. 

Spurs  are  eliminated  by  using  reclock  flip-flops. 
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The  2K  telemetry  circuits  store  and  forward  the  supergroup  overhead  bits 
when  required,  in  the  normal  the  fifth  overhead  bit  is  transposed  to  the  sixth 
overhead  position  of  Group  1  with  a  logical  "1"  dummied  into  its  location.  The 
sixth  supergroup  overhead  bit  is  transposed  to  the  Group  1  seventh  overhead 
position  and  the  seventh  overhead  bit  is  produced  locally  for  the  two  kbps  local 
telemetry  channel.  For  RLGM  the  overhead  bits  are  not  forwarded  but  set  to  a 
logical  "1,:  for  all  groups. 

The  following  points  are  monitored  on  the  Supergroup  Timing  Module: 

Overhead  Counter 
Frame  Counter 
Frame  Format  Counter 
2K  Telemetry  Clock  Out 

8.3.4  SUPERGROUP  B  MODULE 

The  Supergroup  B  Module  is  used  to  combine  the  aligned  group  data  from 
the  group  modules  into  one  supergroup  bit  stream.  Figure  8-7  is  a  block  diagram 
of  the  logic.  As  can  be  seen,  the  circuitry  has  three  major  input  interfaces: 
data  from  the  Group  Modules;  clocking  and  control  signals  from  the  Timing 
Modules;  and  the  local  telemetry  data.  A  one-of-fourteen  multiplexer  serves 
as  the  heart  of  the  combiner  structure.  The  associated  control  signals  simply 
select  the  source  which  is  to  be  switched  into  the  supergroup  data  stream;  the 
source  may  be  either  data  or  overhead  information. 

The  bank  of  delay  flip-flops  is  used  to  delay  the  group  data  streams  with 
the  resolution  of  the  supergroup  clock.  The  various  delays  are  necessary  to 
cover  all  the  supergroup  formats  specified  in  the  DGM  Design  Plan. 

The  Group  1  telemetry  register  logic  is  used  to  strip  off  the  overhead  bits 
in  the  Group  1  data  stream  (overhead  channels  6  and  7)  and  to  provide  the 
storage  for  these  bits  so  that  they  may  be  forwarded  in  the  supergroirp  data 
stream  (overhead  channels  5  and  6)  during  the  following  frame.  Note  that  as 
per  the  DGM  Performance  Spec,  this  is  done  only  for  the  non-RLGM  formats. 

The  1  .cal  telemetry  logic  is  used  to  reliably  sample  and  store  the  2  kHz 
local  telemetry  signals  so  that  it  may  be  presented  to  the  multiplexer  for  insertion 
into  the  supergroup  data  stream  .  This  circuitry  employs  an  autophasing  circuit 
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Figure  8-7.  Supergroup  B  Module 


RAYTHEON  COMPANY 

^RAYTHEON^ 

EQUIPMENT  DIVISION 

which  essentially  locates  the  active  edge  of  the  sampling  clock  away  from  the 
data  transition  times.  A  telemetry  loop-back  switch  has  also  been  incorporated 
into  this  logic  per  DGM  POD  No.  22A. 

The  following  points  are  tested  for  BITE  on  the  Supergroup  B  Module: 

Combined  Supergroup  Data  Out 
Supergroup  Half- rate  Clock 
8  kHz  Local  Telemetry  Clock 

8.3.5  MICROCONTROLLER  MODULE 

The  Microcontroller  Module,  which  performs  the  framing  algorithm,  is 
basically  an  eight  bit  machine.  A  microcontroller  was  selected  primarily  be¬ 
cause  of  its  ability  to  perform  random  logic  most  efficiently,  particularly  where 
a  number  of  circuits  require  the  same  random  logic  to  be  performed.  As  a  result, 
the  microcontroller  can  perform  this  logic  for  all  inputs  on  the  time- shared  basis, 
and  thus  utilize  the  basic  speed  capabilities  of  the  present  day  TTL  devices  to 
minimize  the  hardware  required. 

A  number  of  other  considerations  were  traded  off  in  determing  the  ap¬ 
proach  to  design.  An  individual  synchronizer  circuit  for  each  group  input  would 
have  increased  the  hardware  considerably,  along  with  dissipation,  since  it  would 
not  be  time- shared.  If  one  time -shares  any  sort  of  logic  and  desires  some  de¬ 
gree  of  flexibility  in  order  to  implement  changes  in  algorithms  one  basically 
must  come  to  using  the  mic rocontrol  approach,  pr  imarily  because  of  its  great 
flexibility  and  availability  of  devices  to  perform  the  task  in  this  manner.  The 
microprocessor  described  is  a  bipolar  device.  Some  slower  speed,  higher  den¬ 
sity,  lower  dissipation,  MOS  devices  were  considered.  However,  they  have 
slow  instruction  times  (microseconds),  and  an  order  of  magnitude  more  time 
is  required  to  perform  the  same  operations.  As  a  result,  there  would  be  insuffi¬ 
cient  time  to  service  all  interrupts  and  the  circuitry  would  be  inadequate  to  per¬ 
form  the  task  at  hand. 

Figure  8-8  shows  a  block  diagram  of  the  microcontroller  module.  The 
microcontroller  is  an  eight  bit  machine  operating  at  a  400  nanosecond  minimum 
cycle  time.  In  considering  the  requirements  of  this  microcontroller,  one  must 
first  consider  the  task  at  hand.  The  maximum  frame  rate  is  4  kb/s.  A  frame 
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Microcontroller  Block  Diagram 
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sample  bit  may  occur  every  250  microseconds.  During  this  250  microseconds, 
the  synchronization  algorithm  must  be  run  for  each  of  the  group  inputs  and  for  the 
supergroup  input,  or  a  total  of  five  synchronization  programs.  This  allows  ap¬ 
proximately  50  microseconds  for  each  program.  With  a  cycle  time  of  approxi¬ 
mately  400  to  500  nanoseconds,  some  100  instructions  may  be  done  within  this 
period  of  time.  The  number  of  instructions  required  for  each  test  of  the  frame 
bit  is  estimated  at  about  75  to  80  instructions  maximum.  As  a  result,  with  the 
400  ns  cycle  time,  there  is  sufficient  time  to  do  all  five  programs  within  the 
250  microseconds. 

The  total  program  length  for  the  framing  algorithm  is  presently  estimated 
at  approximately  300  words.  As  a  result,  a  control  memory  with  512  words  is 
more  than  adequate  for  the  task  at  hand.  In  addition,  a  total  of  about  95  words 
of  storage  in  RAM  are  required  to  store  the  present  program  variables  and 
addresses. 

Another  input  to  the  priority  interrupt  circuits  will  be  that  of  a  500  Hz  pulse 
from  the  timing  module  which  will  allow  for  real  time  time-out  functions.  Shown 
on  the  diagram  is  an  eight  bit  MAR  and  I/O  address  register.  Through  this 
register,  the  microcontroller  will  address  individual  modules  on  a  four  bit  ad¬ 
dress  bus.  An  eight  bit  output  data  bus  and  an  eight  bit  input  bus  will  interface 
with  the  modules  to  send  instructions  and  receive  data,  respectively,  from  an 
individual  module.  The  outputs  include:  in  sync  indicators,  search  commands, 
interrupt  serviced,  TED  resync  command  and  reset  command.  The  microcon¬ 
troller  also  outputs  a  load  pulse  10  load  the  individual  addressed  module  at  the 
other  end  with  the  instruction.  In  addition,  it  has  the  capability  of  outputting 
a  strobe  pulse  which  turns  the  individual  module  on  for  transmission  of  signals 
to  the  microcontroller  on  the  input  bus.  These  include:  the  frame  sample  bit, 
data  zero,  TED  resync  achieved,  frame  inhibit  and  delayed  frame  search. 

BITE  is  accomplished  by  use  of  a  flip-flop  addressed  by  the  MSB  of  the 
address  bus  and  cleared  by  data  on  the  output  bus  via  the  firmware  after  having 
been  asynchronously  set. 

8.3.6  TIMING  MODULE 

The  timing  circuits  module  generates  all  timing  and  clock  pulses 
required  in  common  for  all  the  other  modules.  Figure  8-9  shows  a 
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block  diagram  of  the  timing  circuits.  The  basic  clock  generation  is  derived 
from  a  phase  locked  loop  which  obtained  its  input  from  one  of  three  sources. 

The  sources  are  either  group  one  timing,  station  clock  or  the  receive  supergroup 
timing.  The  phase  locked  loop  is  a  standard  design  where  the  input  reference 
clock  is  divided  down  and  compared  with  the  divided  down  VCO  output  in  a  phase 
detector  and  used  to  control  the  VCO.  The  VCO  output  will  be  either  4.  096  MHz 
or  4,  608  MHz  as  determined  by  the  respective  class  of  input  rates.  In  the  case 
where  the  station  clock  or  receive  supergroup  timing  is  at  4  MHz,  the  divide  by 
M  and  N  will  be  adjusted  accordingly  so  as  to  produce  the  same  4  MHz  output. 

In  addition,  4  MHz  output  is  desired  so  as  to  obtain  a  2  MHz  clock  for  the 
microporcessor  regardless  of  the  group  or  supergroup  rate.  The  values  of 
\f  and  N  are  controlled  by  a  PROM  whose  input  is  determined  by  the  output 
rate  required. 

The  output  of  the  VCO  is  then  divided  by  a  constnat  which  is  also  a 
function  of  the  output  rate  so  as  to  obtain  the  appropriate  output  rate  timing  to 
drive  all  the  coding  logic  required.  This  output  rate  drives  the  frame  bit  ! 
counter  which  provides  the  prime  reference  to  which  each  of  the  individual  group 
modules  must  delay  the  input  of  the  group  so  as  to  line  up  the  frame.  In  addition, 
the  output  rate  will  be  counted  down  to  2  kHz  which  is  the  minimum  framing  rate 
required  for  the  system.  Outputs  of  this  12  bit  counter  will  drive  the  decoding 
logic,  which  in  conjunction  with  frame  format  and  frame  rate  inputs,  will  derive 
all  the  miscellaneous  clock  and  framing  pulses  required  for  the  system.  In  addi¬ 
tion,  the  decoding  logic  also  supplies  the  supergroup  multiplexer  select  address 
which  again  is  a  function  of  the  frame  format. 

a.  The  500  Hz  signal  is  monitored  to  check  the  frame  counter 
chain  down  through  the  module  4  counter  which  is  used  to  generate  the  suppressed 
frame  pattern. 

b.  An  output  of  the  register  which  clocks  the  SG  data  MUX  control 
lines  is  monitored,  thus  providing  some  indication  that  the  format  counter  and 
SG  Timing  ROM  are  operational. 

c.  A  single  output  of  the  Overhead  Control  ROM  provides  a  check  on 
This  ROM  as  well  as  the  timing  circuitry  which  addresses  it. 
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8.3.7  BITE  Module 

The  TGM  utilizes  the  standard  DGM  BITE  module  programmed  to  do 
fault  diagnostics  on  the  above  mentioned  modules.  A  description  of  this  module 
appears  in  Section  20.  The  points  monitored  on  each  module  are  described  in 
the  module  discussions. 

8.3.8  EMI 

The  group  and  supergroup  side  signal  lines  into  and  out  of  this  device  are 
balanced  per  paragraph  2.7.  This  interface  relies  on  balance  as  its  primary 
means  of  EMI  suppression.  The  external  cables  connected  here  are  shielded 
twisted  pair,  such  as  RG-108,  so  a  high  degree  of  suppression  can  be  maintained. 
There  is  a  wide  range  of  bit  rates  on  these  lines,  from  72  to  4308  kb/s,  and  wave¬ 
shaping  suitable  for  the  highest  rate  would  be  ineffective  at  the  lowest.  There 
are  auxiliary  signals  for  orderwire  and  telemetry  that  are  balanced  per  para¬ 
graph  2.  7.  These  use  waveshaping  and  are  carried  externally  in  multipair 
cable.  The  full  duplex  telemetry  channel  has  a  rate  of  2  kb/s.  There  is  a 
station  clock  line  which  will  be  balanced  for  TEMPEST  reasons  and  a  floating 

alarm  line  v’hich  appears  as  a  balanced  line.  All  the  above  equipment  side  signals 

2 

are  digital  and  have  the  basic  (sinx/x)  spectral  shape. 

The  power  line  has  a  single  EMI  filter  specified  for  dc,  50  Hz,  60  Hz, 
and  400  Hz  making  it  larger  than  a  conventional  filter,  but  smaller  than  two 
filters.  The  power  line  filter  has  an  integral  power  line  connector  which 
gives  far  better  filter  performance  as  installed  on  the  unit  and  saves  additional 
space. 

8.3.9  HFE 

The  TGM  design  incorporates  the  requirements  of  MIL-STD-1472  to  the 
maximum  extent  possible,  consistent  with  operational  requirements  and  physical 
design  limitations  imposed  by  TT-B  1 -2202-001 3  performance  specification. 

Initial  setup  controls  required  to  configure  the  equipment  to  system  re¬ 
quirements  are  incorporated  onto  the  accessible  edge  of  the  PCB’s.  These 
controls  are  protected  by  the  front  panel  cover.  The  setup  controls  located 
on  the  front  panel  are  screwdriver  adjustable.  The  unit  BITE  control  and 
alarm  are  positioned  for  rapid  recognition  and  ease  of  identification. 
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Connectors  are  located  on  the  rear  of  the  case  and  will  be  positioned 
to  ensure  maximum  accessibility. 

Figures  8-10  and  8-il  show  layouts  for  the  front  and  rear  of  the 

TGM. 

8.3.10  RELIABILITY  DESIGN 

The  TGM  has  a  specified  MTBF  of  5000  hours.  This  is  equivalent  to 
200  failures  in  10  hours.  The  reliability  prediction  and  the  demonstrated 
results  are  summarized  in  Table  8-5. 

TABLE  8-5 
TGM  RELIABILITY 


Specified 

MTBF  (Urs) 

Predicted 

MTBF  (Hrs) 

Demonstrated 
MTBF  (Hrs) 

5000 

0027 

15,  500 

( 


fl 
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SECTION  9 

MASTER  GROUP  MULTIPLEXER 

9.  I  DESIGN  GOALS  AND  REQUIREMENTS 

The  Master  Group  Multiplexer  (MGM)  provides  versatile  digital  transmis¬ 
sion  capability  by  asynchronous  combining  of  up  to  12  group  or  supergroup  inputs 
into  a  mastergroup  output,  and  decombining  of  a  mastergroup  input  into  its  con¬ 
stituent  groups  and  supergroups.  The  MGM  operates  asynchronously  in  that  it  is 
capable  of  accepting  inputs  which  have  not  been  slaved  to  a  single  timing  source. 
Croup  and  supergroup  inputs  (data  and  timing)  range  from  0.  072  to  4.9132  Mb/s 
with  a  maximum  aggregate  input  rate  of  18.432  Mb/s  when  the  output  mastergroup 
rate  is  18.  720  Mb/s,  or  a  maximum  aggregate  input  rate  of  9.21b  Mb's  when 
fhe  output  mastergroup  rate  is  9.360  Mb/s. 

The  MGM  will  allow  inputs  in  any  combination  subject  to  the  aggregate 
traffic  limit.  In  addition  the  MGM  will  accept  most  permutations  of  any  possible 
input  rate  combination. 

Two  digital  orderwire  channels  are  provided  in  the  MGM.  Both  channels 
are  bit  synchronous  to  the  multiple.  -er  clock  and  each  may  operate  ai  16  or 
32  kb/s,  switch  selectable. 

Transmit  multiplex  timing  for  the  MGM  is  obtained  from: 

a.  External  station  clock  at  32  kHz  or  16  kHz 

b.  Receive  mastergroup  timing 

c.  Internal  clock  with  stability  of  not  less  than  5  ppm 

The  MCM  is  capable  of  accepting  a  control  signal  which  when  set  inhibits  frame 
search  on  the  receive  mastergroup. 

An  input/output  diagram  of  the  MGM  is  shown  in  Figure  9-1. 

A  summary  of  electrical  design  requirements  is  given  in  Table  9-1. 

Table  lists  the  nominal  group  rates.  Table  9- lb  lists  the  characteristics 

of  the  balanced  digital  interface  for  the  group,  mastergroup,  and  orderwire 
signals. 
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TABLE  9  1 

MGM  REQUIREMENTS 


Mastergroup  Rate 

18.  720  Mb/s  or  9.  360  Mb/s;  operator 
selectable 

Mastergroup  Interface 

Balanced  NRZ  and  timing 

Number  of  Groups 

Up  to  12  separate  groups,  not  slaved  to 
single  timing  source 

Group  Rate 

72  kb/s  to  4915.  2  kb/s  as  shown  in  Table  9-1A 

Group  Interlace 

Balanced  NRZ  and  Timing 

Group  Throughput 

Total  aggregate  bit  rate  of  all  groups  not  to 
exceed  18.432  Mb/s  (9.216  Mb/s)  at  18.720 
Mb/s  (9.360  Mb/s)  mastergroup  rate. 

Bit  Stuffing 

Maintain  bit  count  integrity  for  not  less  than 

24  hours  for  input  bit  streams  having  a  stabi¬ 
lity  of  3  x  10"^  in  a  0.  1%  BER  random  error 
environment. 

Timing 

Transmit  timing  from  station  clock  at  16/32 
kHz,  receive  mastergroup,  or  internal 
clock  at  5  ppm  stability. 

Framing 

Acquire  within  20  millisecond-'  vith  0.9 
probability  in  0.  1%  BER  random  errors. 
Maintain  for  not  less  than  24  hours  with  mini¬ 
mum  probability  of  0.  9  in  0.  1%  BER  random 
errors.  Detect  frame  loss  within  100  milli¬ 
seconds  with  minimum  probability  of  0.9* 
Inhibit  frame  search  upon  external  command. 

T  lem&try  Crderwire 

16/32  kb/s  synchronous  balanced  NRZ  and 
timing 

Voice  Ordervvire 

16/32  kb/s  synchronous  balanced  NRZ 

BITE 

Locates  equipment  faults  to  a  replaceable 
subassembly. 

MTBF 

4000  hours 

Povve  r 

120  Vac,  50  to  400  Hz,  or  28  Vdc  Battery, 

100  waits  input 

Size 

14"  H  x  12"  D  x  19"  Rack  Mount 

Weight 

20  Kg 
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TABLE  9-la 

MGM  NOMINAL  GROUP  RATE  INPUTS  (KHZ) 


72 

1024.0 

128 

1152.0 

144 

1536.  0 

256 

2048.  0 

238 

2304.  0 

512 

4096.  0* 

576 

4608.  0* 
4915. 2* 

The  MGM  does  not  operate  with  these  group  rate  inputs  for 
low  rate  mastergroup  (9.  36  Mb/s)  operation. 

TABLE  9-lb 

BALANCED  DIGITAL  INTERFACE  SIGNAL  CHARACTERISTICS 


Driver  Characteristics 

Minimum  Line-to-Line 

+  87  mV  for  digital  "1",  -87  mV  for  digital  "0" 

Voltage 

measured  at  end  of  100  feet  of  RG-108  cable, 
terminated  in  100  ohms.  Voltages  balanced  to 
+  1 0%. 

Maximum  Output  Voltage 

+  3  volts  either  line -to -ground. 

+4  volts  line-to-line  into  100  ohms. 

Rise  and  Fall  Times 

Mastergroup:  8  ns  maximum 

Group:  30  ns  maximum 

Orderwire:  270  ns  maximum 

Clock 

Half  bit  interval  with  following  tolerance: 

Mastergroup:  +4  ns 

Group:  +15  ns 

Orderwire:  +120  ns 

Clock/Data  Phasing 

Negative  to  positive  clock  transition  is  followed 
by  data  transition.  Allowable  delays  are: 

Mastergroup:  +8  ns 

Group:  f29  ns 

Orderwire:  +240  ns 

Receiver  Characteristics 

Sensitivity 

50  mV. 

Impedance 

100  ohms  44  0%  line-to-line. 
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MASTERGROUP  SIDE 


VOICE  ORDERWIRE 


Figure  9-1.  MGM  Input /Output  Diagram 


9.2  DESIGN  APPROACH 

9.  2.  1  ASYNCHRONOUS  COMBINING 

The  MGM  processes  group  or  supergroup  inputs  which  are  not  slaved 
to  a  single  timing  source.  Honce,  data  to  be  multiplexed  must  first  be  justified 
v.  ith  respect  to  the  multiplexer  clock  by  the  addition  or  deletion  of  bits  before 
being  synchronously  interleaved.  Positive  justification  or  pulse -stuffing 
synchronization  results  when  input  data  is  brought  into  synchronization  by  the 
addition  of  bits.  Negative  justification  or  pulse  spill’ng  results  when  the  input 
data  is  brought  into  synchronization  by  the  deletion  of  bits.  A  combination  of 
positive  and  negative  justification  can  be  employed  to  synchronize  an  incoming 
data  stream  at  a  rate  equal  to  its  nominal  value. 

The  locations  of  the  stuff  bits  and/or  the  locations  and  values  of  the 
spilled  bits  must  be  signalled  to  the  demultiplexer  \  ia  an  overhead  channel  in 
order  to  properly  reconstitute  the  demultiplexed  channel.  Special  care  must  be 
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exercised  in  signalling  a  stuff  or  spill  because  an  error  in  decoding  this  informa¬ 
tion  will  violate  the  bit  count  integrity  of  the  associated  channel.  Hence,  this 
information  is  redundantly  coded  to  provide  a  known  level  of  protection  over  a 
specified  time  interval  in  a  specified  error  environment.  The  identity  of  the 
channel  being  justified  is  determined  by  Hie  location  of  the  signalling  message 
with  respect  to  a  framing  signal. 

The  elastic  store  is  the  hardware  mechanism  by  which  an  incoming  bit 
stream  is  rate  justified.  It  serves  as  a  buffer  between  the  incoming  bit  stream 
and  the  transmission  rate  allotted  by  the  multiplexer.  If  the  incoming  rate 
is  higher,  then  elastic  store  occupancy  inci eases  by  a  bit  or  more  until  a  bit  can 
be  spilled  into  and  conveyed  by  the  overhead  channel.  A  spill  message  must 
first  be  signalled  to  the  demultiplexer  so  that  it  can  route  the  spill  bit  into  the 
outgoing  channel  bit  stream  at  its  correct  location. 

Conversely,  if  the  incoming  rate  is  low  relative  to  the  transmission  rate 
allotted  by  the  multiplexer  set,  then  elastic  store  occupancy  decreases  by  a  bit 
or  more  until  the  equipment  allows  a  pre-arranged  multiplex  time  slot  to  pass 
wit  out  using  a  bit  from  the  elastic  store.  The  resulting  bit  thus  transmitted 
in  the  traffic  channel  has  no  information  value  and  is  denoted  a  stuff  bit.  The 
demultiplexer  must  be  signalled  in  advance  via  the  overhead  channel  to  reject 
the  stuff  bit. 

An  elastic  store  is  also  required  on  the  outgoing  equipment  group  interface 
to  smooth  out  the  rate  discontinuities  at  which  data  is  read  into  the  store.  Data  is 
read  into  the  store  from  both  the  traffic  channel  and  from  the  overhead  channel. 
Stuff  bits  conveyed  via  the  traffic  channel  are  not  read  into  the  buffer  whereas 
spill  bits  conveyed  via  the  overhead  channel  are  read  in..  Hence  the  read-in  rate 
tends  to  be  somewhat  irregular  even  though  strict  bit  count  integrity  is  maintained. 
The  function  of  the  outgoing  side  store  is  to  provide  nearly  uniform  and  continuous 
readout  of  the  group  data  by  using  the  occupancy  of  the  buffer  to  control  a  VCXO  in 
a  phase  locked  loop  arrangement. 

Or  tne  order  of  three  bits  must  be  allotted  to  tre  elastic  stores  for  varia¬ 
tions  :r.  occupany  inherent  in  the  technique  of  spilling  ar.d  stuffing.  Additional 
factors  are  dependent  on  the  overhead  channel  format,  t-.e  multiplex  frame  length, 
tandem.  ;peration,  and  the  regularity  of  assigned  time  s lota  to  a  particular  channel. 
For  i  ,c  c.osen  approach  a  store  size  of  8  bits  appears  adequate. 
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9.  2.  2  MULTIPLEX  FRAME 

A  most  basic  electrical  characteristic  of  the  MGM  is  its  frame  format. 
This  determines  its  traffic  handling  capability,  both  in  total  throughput  rate  and 
flexibility  of  rate  assignment,  synchronization  time,  resistance  to  loss  of  bit 
integrity,  and  the  circuit  complexity. 

The  first  consideration  regards  rate  multiplicity  The  frame  length  must 
be  such  that  each  possible  rate  may  be  allotted  an  integer  number  of  time  slots 
in  the  frame,  to  satisfy  the  requirement  that  the  MGM  accept  inputs  in  any  com¬ 
bination  subject  to  the  aggregate  traffic  limit.  The  number  1  1700  is  the  smallest 
frame  length  (at  the  high  mastergroup  rate)  for  which  each  of  the  possible  input 
rates  can  be  allotted  an  integral  number  of  bits  in  the  frame.  Table  9-2  lists 
the  number  of  times  the  number  of  required  time  slot  assignments  per  frame  for 
each  of  the  specified  input  rates. 

TABLE  9-2 

REQUIRFD  BITS/FRAME  FOR  EACH  INPUT  RATE 


Rate 

Mb/s 

Required  Bits /Frame  @  11700  Frame  Length 

18.  72  Mb/s 

9.  36  Mb/s 

' 0. 072 

45 

90 

0.  128 

80 

160 

0.  144 

90 

180 

0.  256 

160 

320 

0.288 

180 

360 

0.  512 

320 

640 

0.  576 

360 

720 

1. 024 

640 

1280 

1.  152 

720 

1440 

1.  536 

960 

1920 

2.  048 

1280 

2560 

2.  304 

1440 

2880 

4.  096 

2560 

4.608 

2880 

4. 9152 

3072 
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Of  the  11700  bits  in  a  multiplex  frame,  11520  are  allotted  to  traffic  chan¬ 
nels  (corresponding  to  an  aggregate  traffic  rate  of  18.432  Mb/s  for  a  master¬ 
group  rate  of  18.720  Mb/s)  and  180  are  allotted  to  overhead.  The  overhead 
must  include  voice  orderwire  and  telemetry  orderwire  (each  of  which  require 
an  allotment  of  40  bits  to  provide  32  kb/s  at  the  low  mastergroup  rate),  stuff/ 
spill  indicator  words  and  spill  bit  location  for  one  or  more  channels,  and  fram¬ 
ing  bits. 

The  stuff/spill  or  justification  messages  employ  signalling  in  which  the 
position  of  the  signalling  code  relative  to  a  frame  code  provides  an  indication  of 
the  channel  being  justified.  Since  there  are  up  to  12  channels  to  be  multiplexed, 

12  separate  locations  must  be  periodically  identified.  In  the  selected  format  six 
justification  messages  are  located  in  every  multiplex  frame.  The  term  "major 
frame"  or  "control  channel  frame"  is  used  to  designate  two  multiplex  frames. 

Thus,  the  signalling  format  repeats  once,  and  the  traffic  format  twice  every 
major  frame. 

It  is  also  convenient  to  divide  the  11700  bit  multiplex  frame  into  nine  equal 
length  blocks.  Each  1300  bit  block  allots  1280  bits  to  traffic  channels  and  20  bits 
to  overhead.  Regardless  of  the  mix  of  input  rates,  the  data  formats  will  repeat 
every  nine  blocks,  or  one  multiplex  frame. 

9.2.3  OVERHEAD  FORMAT 

The  rationale  for  the  selection  of  the  overhead  format  is  discussed  in  this 
section.  The  traffic  channel  interleaving  arrangement  is  presented  in  the  next 
section. 

Details  of  the  arrangement  '  the  1300-bit  blocks  which  comprise  the 
11700  bit  multiplex  frame  are  shown  in  Figure  9-2.  The  nine  blocks  in  each 
multiplex  frame  are  transmitted  in  the  order  i,  2,  3,  . . . . ,  9,  l,  2,  .... 
Transmission  of  two  multiplex  frames,  odd  and  even,  comprises  a  major  frame. 

The  20  overhead  bits  of  blocks  1  through  8  contain  a  10  bit  stuff /spill  indi¬ 
cator  word,  a  five  bit  digital  voice  orderwire  word  (VOW),  and  a  five  bit  tele¬ 
metry  orderwire  word  (TOW).  1  he  stuff/spill  words  serve  two  functions.  During 
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equipment  frame-in  the  ten  bit  code  or  its  complement  is  us<  d  to  acquire  block 
synchronization.  Thereafter,  seven  bits  of  the  stuff /spill  word  are  majority  de¬ 
coded  to  indicate  whether  a  stuff  or  spill  has  been  signalled.  With  regard  to  spill 
bits,  note  tnat  only  the  spill  indicator  message,  i.  e. ,  information  that  a  spill  will 
occur  in  the  future,  is  signalled  in  these  blocks.  The  actual  spill  bits,  if  any, 
are  signalled  in  block  nine.  Stuff/spill  indicator  words  for  six  channels  are  sig¬ 
nalled  in  each  multiplex  frame.  The  indicator  words  for  channel  one  are  sig¬ 
nalled  sequentially  in  blocks  one  through  six  for  odd  multiplex  frames.  The 
indicator  words  for  channels  7  through  12  are  signalled  in  blocks  one  through  six 
for  even  multiplex  frames. 

The  VOW  and  TOW  bit  allotment  provides  a  16/32  kb/s  capability  for  both 
channels  at  the  high  or  low  mastergroup  rate.  Thus,  at  the  high  mastergroup 
rate  only  alternate  even  numbered  blocks  2,4,6,  8  will  contain  valid  VOW  or 
TOW  data  v/ords  when  the  corresponding  orderwire  channel  operates  at  32  kb/s. 

An  orderwire  channel  at  16  kb/s  will  utilize  blocks  four  and  eight.  At  the  low 
mastergroup  rate  a  32  kb/s  orderwire  channel  will  utilize  all  its  allotted  time 
slots  in  blocks  one  through  eight,  and  a  16  kb/s  channel  will  utilize  alternate 
even  numbered  blocks  2,  4,  6,  8. 

The  overhead  segment  of  block  nine  differs  in  format  from  the  other  blocks. 
It  begins  with  a  ten  bit  multiplex  frame  code  which  is  complemented  in  alternate 
multiplex  frames.  Bits  11  through  14  are  not  used.  Bits  15  through  20  are  spill 
bit  slots.  Bit  15  is  the  spill  bit  slot  for  channel  one  in  odd  multiplex  frames,  and 
is  the  spill  bit  slot  for  channel  seven  in  even  multiplex  frames,  etc.  Figure  9  -2 
also  indicates  the  logical  location  of  bits  deleted  by  the  multiplexer  (spill  bits) 
which  are  to  be  reinserted  by  the  demultiplexer.  All  spills  for  a  given  multiplex 
frame  are  executed  simultaneously  at  the  end  of  block  nine  at  a  time  when  no 
readout  occurs  at  any  channel  buffer.  This  event  occurs  once  per  multiplex  frame 
and  is  used  to  define  the  end  of  block  nine.  This  procedure  is  used  because  it 
limits  the  maximum  required  operating  speed  of  any  channel  elastic  store  to 
approximately  10  Mb  's,  Any  stuff  bits  signalled  in  blocks  one  through  six  are 
also  located  in  block  nine.  The  stuff  bit  is  the  first  occurrence  of  that  channel 
in  the  following  block, 
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Figure  9-2.  Multiplex  Format 
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Stuff,  spill,  and  multiplex  frame  patterns  are  based  on  a  ten  bit  Williard  code 


as 


shown  below. 


In  each  case  the  right-most  bit  is  transmitted  first. 


\ 


STF:  0  0  0  0  1  1  1  0  1  1 
SPL:  1  1  1  1  0  0  0  1  0  0 
MFC:  1  1  0  1  1  1  0  0  0  0 
MFC:  0  0  1  0  0  0  1  1  1  1 


9.2.3.  1  Permissible  Rate  Variations 

Per  specification,  input  rates  may  differ  from  nominal  by  j+30  parts  per 
million  (ppm).  In  addition,  the  internal  clock  of  the  MGM  has  a  stability  of 
ppm. 


The  permissible  rate  variation  between  the  multiplexer  timing  and  that  of 
the  channel  inputs  is  determined  by  the  nvmber  of  justification  (stuff/spill)  oppor¬ 
tunities  available  to  each  channel  per  unit  of  time.  The  overhead  channel  described 
above  provides  one  justification  opportunity  per  channel  in  each  major  frame  (two 
multiplex  frames). 

The  multiplex  frame  rate  at  the  low  mastergroup  rate  is  800  frames /sec. 
thus  the  minimum  signalling  rate  per  input  channel  is  400  Hz.  This  is  81  ppm 
of  the  highest  input  rate  (4915.2  kb/s)  and  hence  is  fully  adequate  to  meet  stuff/ 
spill  demands,  i.  e.  ,  +81  ppm  capacity  versus  +30  ppm  maximum  input  deviation 

from  nominal  for  the  input  data  and  +5  ppm  permissible  mastergroup  clock  offset. 

9.  2.  3.  2  Bit  Count  Integrity 

Per  specification,  bit  count  integrity  (BCI)  is  to  be  maintained  for  not  less 
than  24  hours  in  an  error  environment  of  0.  1  percent  BER  random  errors. 

Maintenance  of  BCI  depends  on  correctly  decoding  the  stuff /spill  indicator 
words  in  the  overhead  channel.  Seven  bits  of  the  10  bit  stuff/spill  indicator  words 

are  decoded  to  determine  if  a  stuff  or  spill  is  being  signaled.  If  an  indicator  word 

-  3 

is  incorrectly  decoded  then  BCI  tor  the  associated  channel  will  be  lost.  At  a  10 
error  rate  the  probability  of  incorrect  decoding  (four  or  more  errors  in  the  se\en 
bit  word)  is  3.  5  x  10  '  ' .  The  signalling  rate  per  input  channel  at  the  high  inter  ■ 
group  rate  is  800  per  second. 
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Hence,  the  mean  time  to  loss  of  BCI  per  input  is  on  the  o re.or  of: 

_ 1 _  trials  _ I _  ,  .  7 

_  _  lrv'll  failure  x  800  trials/sec.  ~  -'•-■'<14  x  10  see.  'failure 
j,  o  x  xu 


The  probability  distribution  of  this  event  can  reasonably  be  assumed  to  be 

Poisson.  Hence  it  is  of  the  form  l-e‘X//m  where  X  i»  the  desired  observation 

4  7 

time  i  24  hours  or  8.64  x  10  sec.  )  and  m  =  3.5714  x  10  .  The  probability  of 
losing  BCI  over  a  24-hour  interval  is  then: 


X  8.64  x  104 
M  ~  3.5714x107 


0. 0024 


Hence  the  probability  of  maintaining  BCI  over  a  24-hour  interval  is  0,9975. 

9.  2.  3.  3  Framing 

The  framing  specification  for  the  MGM  requires  that  frame  be  ,u  qui red 
within  20  milliseconds,  with  a  minimum  probability  of  0.9,  and  be  maintained 
for  not  less  than  24  hours  with  a  minimum  probability  of  0.9,  in  an  error  envir¬ 
onment  of  0.  1  percent  BER  random  errors.  Loss  of  frame  is  to  be  dete<  ted 
within  100  milliseconds  with  a  minimum  probability  of  0.9. 

The  choice  of  codes  should  be  such  that  it  tends  to  mininb/.c  the  probability 
of  false  sync  indication  when  part  ot  the  code  is  in  the  frame  sym  detector, 
Williard  codes  are  optimum  synchronization  codes  in  this  sense  and  are  used 
for  stuff,  spill,  and  multiplex  frame  codes  (MFC). 

The  framing  process  utilizes  the  stuff/spill  words  in  blorz-.  1  - and  the 
multiplex  frame  code  or  its  complement  in  block  9.  To  estabhv  frame,  a  de¬ 
tector  attempts  to  define  a  frame  in  the  incoming  mastergroup  '.'."-am  by 

taking  samples  from  the  stream  and  comparing  the  samples  v. .*•  -  <-o*able 

frame  pattern.  The  frame  detector  during  acquisition  (1<  (  c;/ .e  frarne 
pattern  the  stuff  or  spill  code,  or  the  multiplex  frame  code  '  r  *  -  . ..‘Trent. 

The  probability  of  a  random  data  sample  matching  an  ac<  <  oa^'ern 

t  10  ‘ 

on  anv  such  trial  is  then  4  x 
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When  such  a  ten  bit  pattern  matches  an  acceptable  frame  code,  then  a  block 
frame  counter  is  released  and  the  candidate  frame  is  tested  again  one  block  later. 
1:  ten  consecutive  samples  match,  the  detector  locks.  In  addition,  when  the  MFC 
r  MFC  is  detected,  then  a  multiplex  frame  counter  is  appropriately  set.  This 
•'ill  decrease  the  overall  frame-in  time  because  as  block  frame  is  established, 
multiplex  frame  is  tested  at  least  once. 

A  flow  chart  of  the  framing  process  is  shown  in  Figure  9-3. 


We  may  now  define  the  following  parameters: 


N  =  number  of  bits  between  framing  patterns  =  1300 

m  -  number  of  test^  required  to  achieve  lock  =  10 

Pf  =  probability  of  a  random  data  sample  matching  an  acceptable 

frame  code  =  =  0.003906 

Qf  a  1  -  Pf  =  0. 9960937 

_  j 

P  =  Probability  of  error  in  the  frame  code  bit  =  10 

o 

P„  =  probability  of  error  in  the  frame  code  'ord  sample  =  1  -  (0.996)*® 

=  0.009055 

a  =  delay  to  next  test  after  an  acceptable  sample  =  1300  bits 

b  =  delav  to  next  test  after  an  unacceptable  sample  =  1  bit 


l.oek-in  time  depends  on  how  many  bits,  K,  one  starts  from  the  frame 
location.  A  minimum  of  b-K  bits  is  required  to  shift  through  the  frame;  the  mth 
tost  will  be  passed  aim- l'  bits  late  r.  Thus  a  minimum  of  a(m-l)  t  b  x  K  bits 
required  to  achieve  lock.  A  practical  upper  bound  on  the  time  to  lock  is 
obtained  by  sotting  K  to  its  maximum  (K  n  -  1  12°o)  and  evaluating 

t".o  minimum  dele  •  plus  the  mean  plus  three  times  the  deviation.  This  con¬ 
servatively  establishes  the  frame-in  time  with  probability  of  0,65.  The  mean 
•fid  deviation  are  evaluated  from  a  flow  graph  analysis  of  the  framing  process. 

Minimum  Delay  MDI.Y  a(m  -  1)  t  bl\  bits 

M  KAN  Ka  P  t  \  {  bits 

.1  P,. 

'  ,  m  P.  I  nb  »  a(  —  •  (n-K-U  -  P  b>t< 

1  i-  -  0,, 

'  1  1 

DFV  (a  '  K  -----  .  v.2  >  »\  Ka  --]  bits 

0^“  ‘  S' 
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FRAME-IN  =  MDLY  +  MEAN  +  3 DEV  evaluated  at  K  =  n-1. 

Substituting  in  numerical  values: 

MDLY  =  129901  X1  =  71.  5,  MEAN  =  6622  and  DEV  =  3097 

4 

The  Frame-in  then  equals  2.  8912  x  10  bits  which  at  the  low  mastergroup 
rate  of  9.  36  mb/s  requires  3.09  milliseconds.  This  is  the  time  to  establish 
block  frame.  During  that  time  there  is  at  least  one  sample  of  the  multiplex 

frame  code  (MFC  or  MFC).  If  we  require  an  additional  seven  samples  to  verify 
the  MFC,  then  at  the  low  mastergroup  rate  an  additional  7  x  1.25  =  8.  75  milli¬ 
seconds  are  required.  The  total  frame-in  time  is  then  11.84  milliseconds. 


Once  frame  has  been  acquired,  the  multiplex  frame  code  is  monitored  to 
detect  loss  of  frame.  A  straightforward  scheme  is  to  count  the  number  of  times 
that  the  frame  code  is  received  in  error  in  some  sample  of  N  occurrences  of 
the  frame  code.  If  this  number  equals  or  exceeds  a  threshold,  then  loss  of  frame 
is  declared.  A  convenient  sample  size  is  N  =  16.  The  probability  that  in  16  trials, 

we  will  not  receive  11  or  more  successful  frame  code  indications  in  a  bit  error 

-  3  -9 

environment  of  10  is  less  than  10 

The  mean  time  for  an  error  indication  at  the  high  mastergroup  rate  is  then: 


m 


1  trials 
jq-9  failures 


x  11700 


bits 

frame 


1 

x  18.72 


sec. 

bit 


x 


16 


frames 

trial 


7 

m  =  10  sec.  /failure 

4 

The  probability  of  losing  frame  over  a  24-hour  interval  (8.  64  x  10  sec.  ) 
s  then  8.64  x  104/107  =  0.00864. 

Hence,  the  probability  of  maintaining  frame  sync  over  a  24-hour  interval 
it  10"^  bit  error  rate  is  0.991. 
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On  the  other  hand,  when  frame  is  truly  lost,  the  probability  that  the  "frame 
code"  is  in  error  is  7/8  so  that  simulating  the  frame  code  in  11  or  more  of  16 
trials  has  a  low  probability.  Loss  of  frame  can  then  be  detected  within  8  milli¬ 
seconds,  i.e. ,  frame  loss  happens  during  one  4  millisecond  test  interval  and  is 
detected  during  the  next  test  interval. 

9.  2.  4  INTERLEAVING  ARRANGEMENT 

The  MGM  in  its  combining  function  must  interleave  bits  from  up  to  12  input 
channels.  Each  channel  may  have  any  one  of  15  pre-designated  rates  (12  at  the 
lowmastergroup  rate)subject  to  the  restriction  that  the  sum  of  the  input  rates  may 
not  exceed  18.432  Mb/s  for  the  18,72  Mb/s  output  rate  or  9.  2 1 6  Mb/s  for  the  9.36 
Mb/s  output  rate. 

The  number  of  appearances  required  by  each  rate  in  each  multiplex  frame 
of  11700  bits  is  determined  by  the  frame  rate  of  1600  per  second  at  the  18.72 
Mb/s  output  rate  and  800  per  second  at  the  9.  36  Mb/s  output  rate.  These  num¬ 
bers  are  shown  in  Table  9-2.  We  might  also  note  that  the  number  of  appearances 
per  block  of  1300  bits  is  not  necessarily  an  integer  number.  For  example,  at  the 
high  mastergroup  rate  an  input  at  4.096  Mb/s  requires  2560  bits  in  the  frame  or 
an  average  of  284  4/9  bits/block.  Some  blocks  will  have  284  bits  and  others  will 
have  285  in  the  ratio  5/9  and  4/9,  respectively. 

Requirements  for  the  interleaving  scheme  are: 

a.  The  interleaving  scheme  must  result  ;n  a  channel  assignment 
for  every  time  slot  in  the  multmlex  frame.  The  "channel'  may,  in  fact,  be  the 
overhead  channel,  or  the  null  channel.  The  latter  are  filler  bits  which  repre¬ 
sents  no  channel  and  exist  because  the  aggregate  traffic  rate  may  exceed  the 
sum  of  the  input  rates  that  have  been  assigned  to  each  channel.  Filler  bits 
simply  make  up  for  the  excess  bit  capacity  of  the  output  when  it  is  not  fully 
utilized  by  the  assigned  rates. 

b.  Interleaving  should  result  in  a  repetetive  data  pattern  in  each 
multiplex  frame. 
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c.  Interleaving  should  result  in  as  uniform  a  distribution  of  bits 
from  each  channel  within  a  block  as  is  possible.  This  simplifies  timing  recovery 
and  minimizes  the  size  of  the  channel  elastic  store. 


( 

V 


d.  Interleaving  should  be  simple  to  implement  and  require  little 

power. 

One  approach  to  multiplex  time  slot  assignment  is  to  compute  the  inter¬ 
leaving  format  for  a  desired  rate  assignment  and  store  it  in  random  access 
memory  (RAM)  for  subsequent  use  during  multiplexing  and  demultiplexing. 
Several  schemes  were  developed  which  allow  easy  computation  of  the  required 
time  slots  to  be  assigned  each  channel  and  provide  a  reasonably  uniform  distri¬ 
bution  oi  tne  time  slots  assigned  to  any  channel. 


The  problems  with  this  approach  are  the  required  RAM  size,  its  operating 
speed,  and  its  power  consumption.  A  straightforward  allocation  requires  a 
11700  x  4  bit  RAM  for  both  the  multiplexer  and  the  demultiplexer.  That  is,  each 
of  the  11700  time  slots  in  the  multiplex  frame  be  allotted  a  four  bit  channel  add¬ 
ress.  If  data  assembly  is  serial  bit-by-bit,  then  this  memory  must  be  accessible 
at  a  IS.  72  Mb/s  rate.  Only  ECL  RAM's  such  as  the  256  x  1  bit  SN10144  have 
access  times  commensurate  with  the  high  mastergroup  rate.  Each  format  mem¬ 
ory  would  require  184  of  these  devices  and  dissipate  96  watts. 

The  required  RAM  access  rate  could  be  reduced  by  accessing  the  channel 
address  for  a  number  of  time  slots  simultaneously.  If  we  were  to  access  four 
channel  addresses  in  parallel,  the  memory  organization  would  be 
x  (4  x  4).  The  access  rate  would  then  be  under  5  MHz  so  that  1024  x  1  bit 
RAM  devices  could  be  used.  Each  format  memory  would  then  require  48  stor¬ 
age  devices  and  dissipate  on  the  order  of  28  watts. 

Considering  the  required  power,  the  above  approach  is  only  feasible  if  the 
frame  can  be  made  shorter,  and  data  assembled  in  multi-bit  packets.  The  frame 
can  only  be  made  shorter  if  some  channel  rates  are  synchronously  rate  converted 
to  a  rate  such  that  the  required  number  of  bits/frame  for  the  entire  amended 
rate  family  is  divisible  by  a  common  integer. 


( 

(. 


( 
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For  example,  with  reference  to  Table  9-2,  one  may  note  that  with  three 
exceptions,  at  the  high  mastergroup  rate,  the  required  number  of  bits /frame  are 
each  divisible  by  eight.  The  three  exceptions  are  the  rates  0.288,  0.  144,  and 
0.  072  Mb/s.  Suppose  the  multiplex  frame  length  were  reduced  by  a  factor  of 
four  to  2925  bits  and  data  assembled  in  four  bit  packets.  Two  1024  x  4  bit  for¬ 
mat  RAM's  would  then  be  required.  Each  need  be  Accessible  at  just  under  5  MHz 
and  would  require  about  2.  5  watts.  From  the  standpoint  of  format  memory 
power  consumption,  this  is  a  desirable  approach.  There  are,  however,  some 
disadvantages  and  penalties. 

a.  With  respect  to  the  rate  exceptions  the  0.288  Mb/s  rate  can  be 
treated  as  though  it  were  0.  384  Mb/s  by  reading  in  a  three  bit  word  into  the 
channel  elastic  store  and  reading  out  a  four  bit  word  at  a  rate  commensurate 
with  0.  384  Mb/s.  Every  four  bit  output  word  will  then  have  one  filler  bit  in  a 
fixed  location  due  to  the  synchronous  rate  conversion.  The  0.  144  Mb/s  rate  can 

be  processed  in  an  identical  manner  by  treating  it  as  though  it  were  0.  192  Mb/s. 
Thei°  is  no  similar  easy  way  to  handle  the  0.72  Mb/s  rate  for  the  high  rate 
mastergroup  case;  hence,  it  would  be  an  allowable  input  only  for  the  low  rate 
mastergroup.  Hence,  these  rate  exceptions  restrict  flexibility  of  rate  assign¬ 
ment  in  the  MGM.  At  the  high  mastergroup  rate  0,072  Mb/s  would  not  be  an 
allowable  input,  each  occurrence  of  0.288  Mb/s  would  reduce  the  allowable  ag¬ 
gregate  traffic  rate  by  0.096  Mb/s,  and  each  occurrence  of  0.  144  Mb/s  would 
reduce  the  allowable  aggregate  rate  by  0.048  Mb/s. 

b.  The  channel  elastic  stores  increase  in  complexity  in  order  to 
format  a  four  bit  data  packet.  The  extent  of  this  increase  may  be  a  doubling  for 
that  portion  of  the  channel  circuit  which  directly  concerns  the  elastic  stores.  In 
addition,  if  data  is  assembled  in  four  bit  packets,  it  may  also  be  necessary  to 
perform  stuffs  and  spills  in  four  bit  packets.  This,  in  turn,  makes  timing 
smoothing  on  the  receive  side  more  difficult. 

The  above  mentioned  disadvantages  associated  with  a  feasible  size  format 
memory  led  to  consideration  of  dynamic  allocation  of  multiplex  time  slots  to  the 
various  channels.  In  this  approach,  we  synthesize  the  precise  nominal  required 
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readout  rate,  synchronous  to  the  mastergroup  clock,  as  shown  in  Figure  9-4. 

A  scanner  clock  equal  to  the  aggregate  traffic  rate  is  generated  by  deleting  four 
consecutive  mastergroup  clock  pulses  in  every  group  of  260.  The  scanner  clock 
is  then  divided  down  as  shown  to  generate  a  full  complement  of  possible  read-out 
rates.  In  some  cases  the  divider  modulus  is  varied  repetitively  to  obtain  a  non¬ 
integer  divider.  For  example  the  18.432  MHZ  scanner  clock  is  divided  by  3  for 
one  cycle  followed  by  three  cycles  of  divide  by  4  to  obtain  the  4.  9152  MHZ  rate.. 
The  selected  readout  rate  for  each  channel  is  routed  to  a  priority  scanner  circuit 
which  operates  at  the  maximum  allowable  aggregate  input  rate  (18.432  or  9.216 
Mb/s ). 

In  the  priority  scanner  circuit  a  particular  channel  is  serviced  when  its 
generated  nominal  readout  (multiplex  side)  or  read-in  (demultiplex  side)  clock 
makes  a  transition  during  a  scanning  interval..  Only  one  channel  is  serviced 
during  each  scan  interval.  If  two  or  more  channels  simultaneously  demand 
service,  then  the  request  at  the  lowest  port  number  is  given  priority  and  other 
requests  remain  pending.  If  no  channel  demands  service  during  the  scan  inter¬ 
val,  then  by  default  the  null  channel  is  "serviced"  by  the  creation  of  a  filter  bit. 
This  is  not  a  stuff  bit  and  is  automatically  deleted  by  the  demultiplexer  as  a 
consequence  of  its  inverse  logic. 
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Dynamic  allocation  of  the  multiplex  time  slots  as  described  above  is  the 
chosen  approach  because: 

a.  No  frame  format  memory  is  required  to  store  a  channel  address 
for  every  time  slot  in  the  frame. 

b.  Time  slots  allocated  to  ^ach  channel  on  the  basis  of  its  rate  re¬ 
quirements  are  nearly  uniformly  distributed ,  within  the  constraints  of  higher  rate 
channels  competing  for  a  given  time  slot.  However,  the  non -uniformity  in  the 
readout  clock  spacing  will  not  exceed  one  clock  interval  of  the  nominal  readout 
rate. 

c.  The  channel  elastic  stores  do  not  see  the  block  asymmetry  in  the 
multiplex  frame  format  because  the  priority  scanner  operates  at  the  aggregate 
traffic  rate,  not  the  mastergroup  rate.  This  factor,  coupled  with  the  nearly 
uniform  distribution  of  store  read-cut  or  read-in  clocks,  allows  the  channel 
elastic  stores  to  be  of  minimum  size  compared  with  other  schemes. 

One  disadvantage  of  this  approach  is  the  required  operating  speed,  18.432 
Mb/s,  of  the  scanner  circuit.  Multiple  scanner  circuits,  each  operating  at  a  sub¬ 
multiple  of  the  18.432  Mb/s  rate  could  be  used  if  the  resultant  decrease  in  flexi¬ 
bility  of  rate  assignment  were  acceptable. 

9.2.5  RECEIVE  CHANNEL  TIMING  SMOOTHING 

Receive  channel  timing  smoothing  follows  the  method  presented  in  the  pro¬ 
posal  wherein  a  detailed  comparison  of  various  timing  recovery  schemes  was 
presented.  Figure  9-5  indicates  the  chosen  approach.  The  timing  synthesizer 

uses  a  4.  096  MHz  +41  ppm  voltage  controlled  crystal  oscillator  (VCXO)  as  a  local 
oscillator.  The  control  voltage  to  the  VCXO  is  a  T7L  logic  level  so  that  the 
resultant  output  frequency  is  essentially  at  either  of  two  frequencies: 

4.  096  MLz  +  47  ppm  or  4.  096  MHz  -  47  ppm. 

The  4.  09c  MHz  output  of  the  VCXO  may  be  used  directly  for  one  of  the  required 
rate  families.  For  the  4.9152  MHz  rate  the  VCXO  output  is  mixed  with  the  9.0jJ2 
MHz  l-f  and  the  difference  frequency  recovered  in  a  crystal  filter.  The  4.  608 
MHz  rate  :&mily  uses  the  8.  704  MHz  i-f  mixed  v/it'r  t'e  4.  096  MHz  VCXO  output 
and  a  »ecO"d  crystal  filter.  The  VCXO  or  filter  outpr*  :s  applied  to  a  timing 
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countdown  chain  and  the  appropriate  output  is  used  as  the  read  out  clock  for  the 
channel  buffer  store.  The  occupancy  of  the  buffer  store  is  monitored  in  a  phase 
detector  whose  digital  output  drives  the  VCXO.  Heterrdyning  allows  operation  at 
multiple  rates  while  also  allowing  the  control  oscillator  to  operate  at  essentially 
one  frequency.  The  frequency  swing  of  the  VCXO  is  wide  enough  to  accommodate 
the  frequency  tolerance  of  the  group  inputs  and  the  mux  clock  and  narrow  enough 
(because  there  is  no  overshoot)  to  feed  crystal  filter  repeaters.  Energy  storage 
in  the  oscillator  tank  prevents  phase  discontinuities;  hence,  the  output  phase  is  a 
smooth  function  of  time. 

Elastic  store  occupancy  changes  of  +3  bits  might  be  expected  due  to  stuffing 

and  spilling  bits  plus  queueing  of  requests  at  the  scanner  logic.  The  time  jitter  of 

4 

the  output  data  and  clock  will  occur  at  a  rate  of  approximately  one  bit  per  10  bit 
times  with  a  peak-to-peak  amplitude  nearly  equal  to  the  peak-to-peak  occupancy 
swings  in  the  elastic  store.  Therefore,  Group  Modems  or  CDM's  connecting  to 
MGM  channels  must  be  operated  with  the  MGM  channel  output  clock  not  station 
clock.  The  TGM  can  accept  an  MGM  channel  signal  using  the  elastic  store  on 
its  Inputs  to  absorb  any  jitter  relative  to  station  clock. 

9.2.6  UNIT  ORGANIZATION 

Figures  9-6  and  9-7  illustrate  the  transmit  and  receive  functional  organiza¬ 
tion  of  the  MGM.  Figure  9-8  indicates  the  unit  organization  in  terms  of  its  module 
complement.  The  unit  consists  of  channel  circuits,  common  circuits  (transmit 
and  receive),  orderwire  logic,  BITE,  and  power  supply. 

Each  channel  card  contains  circuits  for  both  the  transmit  and  receive 
functions.  These  include  interface  circuits,  transmit  and  receive  rate  buffers, 
receive  timing  smoothing,  and  rate  selection.  Input  data  and  timing,  interfaced 
to  TTL  logic  levels,  from  each  channel  card  are  routed  to  the  BITE  circuits 
which  monitor  activity.  As  a  typical  BITE  activity,  the  BITE  circtiits  compares, 
for  each  channel,  the  readout  timing  (transmit)  with  the  incoming  timing,  c.nd 
the  read-in  timing  (receive!  with  the  outgoing  timing  to  check  for  agreement  over 
a  test  time  interval. 
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Transmit  common  circuits  consist  of  a  timing  synthesizer,  scanner  con¬ 
trolled  data  multiplex,  overhead  channel  message  composer,  a  20  bi',  high  speed 
buffer,  counter  timing  chains  to  define  the  1300  bit  block  frame  and  nine  block 
multiplex  frame,  and  driver  interface  circuits.  The  timing  synthesizer  gener¬ 
ates  all  of  the  possible  nominal  readout  rates  which  the  channel  circuits  may 
use.  The  scanner  generates  a  repetitive  sequence  of  addresses  over  a  frame 
interval  based  on  the  desired  mix  of  traffic  rates  to  control  a  data  multiplexer. 

The  data  multiplexer  is  operated  at  the  aggregate  traffic  rate,  18.432  Mb/s 
when  the  mastergroup  rate  is  18.  72  Mb/s,  and  feeds  a  20  bit  data  buffer.  This 
buffer  is  in  turn  read-out  at  the  mastergroup  rate  for  1280/1300  of  each  block 
frame.  Each  time  that  the  block  frame  counter  reaches  a  count  of  1280,  the  con¬ 
tents  of  the  data  buffer  is  depleted  and  a  20  bit  overhead  word  is  read  into  the 
output  bit  stream  from  the  overhead  channel  formatter.  Meanwhile  data  con¬ 
tinues  to  enter  the  data  buffer  and  when  the  block  frame  counter  reaches  its  ter¬ 
minal  count  of  1300,  data  is  again  read  out  of  the  buffer.  The  overhead  channel 
formatter  controls  the  insertion  of  frame  coder,  stuff/spill  indicator  words, 
spill  bits,  and  voice  and  telemetry  orderwire  information. 

Inverse  functions  are  performed  by  the  demultiplex  circuit  *  after  a  frame 
reference  location  has  been  determined  by  the  framing  circuits. 

The  channel  readout  rates  generated  on  the  transmit  side  are  synchronous 
to  the  mastergroup  clock.  Transmit  mastergroup  timing  may  originate  from,  an 
external  station  clock  at  16/32  kHz,  receive  mastergroup  timing  cr  an  internal 
clock.  The  readout  clocks  have  a  common  transition  precisely  once  per  multi¬ 
plex  frame  and  this  event  is  vised  to  reference  the  beginning  of  the  20  Bit  over¬ 
head  segment  of  Block  nine.  Spil1  j  for  any  channels,  as  required,  are  performed, 
simultaneously  at  that  time.  To  insure  that  the  receive  scanner  logic  performs 
the  precise  inverse  logic  of  the  transmit  scanner,  the  receive  block  and  multi¬ 
plex  timing  chains  are  used  to  reset  the  receive  timing  generator.  All  receive 
nominal  read-in  rates  will  then  also  have  a  common  transition  at  the  end  of  Block 
nine.  Consequently,  all  receive  spill  bits  will  be  loaded  into  the  rece've  channel 
buffer  simultaneously  at  this  time. 
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Generally  the  BITE  card  receives  inputs  from  all  other  cards  in  order 
to  evaluate  operating  status  of  the  unit  and  aid  in  Tocalng  possible  faults  to  a 
single  replaceable  assembly. 

Rate  related  channel  assignment  programming  for  the  transmit  and 
receive  sea  ners  is  accomplished  by  the  priority  channel  assignment  logic. 

Table  9-3  lists  the  controls  and  indicators  for  the  MGM  and  Table  9-3A 
lists  the  module  format. 

9.  2.  7  MGM  PACKAGING  DESIGN  PROBLEMS 

Based  on  the  original  requirements  and  the  proposed  circuit  (unit  design), 
it  is  impractical  to  package  a  12  channel  MGM  into  the  standard  8.5"  size  case. 

In  addition,  the  power  dissipated  by  the  12  channel  unit  would  have  resulted  in 
excessive  air  and  junction  temperatures  in  a  standard  case  configuration  and 
size.  These  packaging  and  thermal  problems  and  eventual  solutions  are  dis¬ 
cussed  in  the  paragraphs  below. 

The  MGM  was  estimated  to  dissipate  92  watts  typically  on  its  printed  circuit 
board  (PCB)  modules  (see  Table  9-4).  The  required  input  power  is  then  182  watts 
when  operated  from  28  Vdc  at  an  estimated  power  supply  efficiency  of  50  percent, 
when  operated  from  115  Vac  at  a  power  supply  efficiency  of  60  percent.  If  the 
above  estimate  were  instead  based  on  the  average  of  typical  and  maximum  inte¬ 
grated  circuit  power  dissipations,  then  the  indicated  values  would  be  increased 
by  approximately  28  percent  to  1  18  watts  dissipation  by  the  PCB's,  197  watts 
input  for  AC  operation.  An  additional  5  watts  is  required  to  operate  the  forced 
air  fan.  A  thermal  analysis  contained  in  Section  15  illustrates  that  this  amount 
of  heat  cannot  be  handled  in  this  case  size  in  an  ambient  environment  of  145°F 
without  forced  air  cooling. 

9,2,7,  1  Solutions 

The  current  design  of  the  MGM  has  been  configured  in  a  1  1  high  by  12" 
deep  by  14-1/4"  wide  case.  The  case  has  been  divided  into  threw  major  compart¬ 
ments,  i.  e.  ,  power  supply,  switch  and  fan  chassis  and  PCB  compartment  (see 
Figures  9-9  and  9-10). 
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TABLE  9-3 

MGM  CONTROLS  AND  INDICATORS 


'ower  ouppiA 


On/Off 
LED  (Green) 


Applies  prime  power  to  supply 
ON  if  Power  ON 


Power  out  TOL 


ON  if  dc  outputs  out  of  tolerance.  Push  to  test. 


BITE 


Summary  Fault 
Lamp 

Alarm  Relays 


Front  panel  lamp  ON  for  any  fault  except  power 
supply  failure.  Push-to-test. 

Rear  connector  contacts  held  open  in  normal  opera¬ 
tion. 


Switch  Assemblv 


Orderwire 


S:  Summary  Fault 

SA:  Summary  Fault,  except  Frame 

FS:  Frame  Alarm 


LED  (Red) 


One  on  each  PCB  Module.  LED  is  on  for  fault  condi 
tion. 


Rate  Select 


Inhibit 


Timing  Control 


Selects  one  of  15  group  rates,  or  place  in  OFF  posi¬ 
tion  if  group  module  is  not  used. 

Set  ON  to  inh’bit  group  module  BITE,  and  disable 
outgoing  group  traffic. 


MGM  Rate 


EXT/INT 


ST  A  CLOCK 


Selects  high  or  low  mastergroup  rate 

Selects  external  timing  or  internal  oscillator 

Selects  external  station  clock.  Clock  rate  ' s  strap 
option. 


TOW  Rate 


VOW  Rate 


Selects  16  or  32  kb/s  Telemetry  orderwire  rate 
Selects  16  or  32  kb/s  Voice  orderwire  rate 
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TABLE  9-3A 
MGM  MODULE  FORMAT 


M0DU7.E 

j  POS. 

FUNCTION 

.  .  _  -  -  -  -  .  . .  .  ... _  ..  _  .  -  -  - .  . 

FORMAT  GEN 

A1 

Multiplexes  Group  and  Overhead  Data  to  format 
the  Master  Group  Data  stream. 

TRANS  RATE  GEN 

A2 

Generates  a  scan  clock  and  a  full  complement  of 
Group  Rate  Timing  signals. 

RATE  SELECTOR 

A3.A20 

Selects  the  transmit  and  receive  channel  rate 
timing  signals. 

SCANNED  LOGIC 

A4,A5 

Provides  for  the  assignment  of  multiplexed  time 

A18.A19 

slots  for  each  active  traffic  channel. 

GROUP  LOGIC 

A6 

Provides  full  duplex  rate  buffering  for 

thru 

A17 

asynchronous  group  signals. 

REC.  RATE  GEN 

A21 

Generates  the  receive  scan  clock  and  a  full 
complement  of  group  rate  timing  signals 
synchronous  to  the  master  group  clock. 

FRAMING 

A22 

Synchronizes  the  incoming  master  group  bit  stream 
to  the  local  multiplex  block  and  frame  counters. 

MASTER  GROUP  REC. 

A23 

Demultiplexes  the  received  master  group  data 
stream  into  constituent  data  channels. 

ORDERWIRE 

MUX  /  DEMUX 

A24 

Provides  two  full  duplex  digital  orderwire 
channels  operating  at  16  or  32  KB/S. 

BITE 

Monitors  signals  in  and  out  of  the  MGM  and 
internal  circuits. 
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AC  @  60%  Efficiency  J  53.  4  Watts 
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Additional  Power  for  Fan 
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The  power  supply  compartment  is  located  above  the  PCB  compartment. 
Wiring  to  and  from  the  PS  is  via  feed  through  capacitors  located  in  a  vertical 
wall  which  separates  the  PS  and  the  switch/fan  compartment.  This  wall  has  an 
opening  to  allow  air  flow. 

The  fan/switch  compartment  (see  Figure  9-11)  is  RFI/EMI  isolated  from 
the  external  ambient  via  gasketed  interfaces  but  is  open  to  the  PCB  compartment 
to  allow  unimpeded  air  circulation.  The  MGM  with  its  front  panel  in  place,  as  is 
normal  operation,  has  an  air  opening  across  the  PCB  compartment  with  an  air 
filter  cover.  External  air  is  drawn  in  thru  this  opening,  circulated  thru  the  case 
and  exhausted  at  the  rear  of  the  switch  assembly. 

The  switch/fan  chassis  is  designed  as  a  separable  subassembly  containing 
the  Rate  Selector  switch  assembly,  its  associated  toggle  switches,  cable  harness 
blower  (Aximax  2H  by  Rotron)  and  its  associated  dc/ac  power  pack  mounted  to  a 
heat  sink  which  protrudes  through  the  back  of  the  equipment  case.  Interconnec¬ 
tions  from  the  assembly  to  the  w/w  plate  is  via  rack  and  panel  connector  and 
ha.  ess. 


9.2.8  EMI 

The  MGM  has  signal  interfaces  with  other  shelter  mounted  units.  All  the 
traffic  signals,  groups,  supergroups,  and  the  mastergroups  are  balanced.  This 
interface  relies  on  the  balance  as  its  primary  means  of  EMI  suppression.  The 
external  cables  connected  here  are  shielded  twisted  pair,  such  as  RE- 108,  so  a 
high  degree  of  suppression  can  be  maintained.  There  is  a  wide  range  of  bit  rates 
on  tr.ese  lines,  groups,  and  supergroups  from  72  to  4951.2  kb/s  and  mastergroup 
a.  3c  or  18.72  Mb/s,  and  waveshaping  suitable  for  the  highest  rate  would  be  in¬ 
effective  at  the  lowest.  Some  waveshaping  occurs  as  a  result  of  limitations  of 
the  logic  used,  especially  in  the  mastergroup.  There  are  auxiliary* signals 
for  orderwire  and  telemetry  that  are  also  balanced.  These  use  waveshaping 
ar.d  are  carried  externally  in  multi-pair  cable.  The  full  duplex  telemetry 
channel  and  the  orderwire  channel  have  rates  of  16  or  32  Kb/s.  There  is  a 

floating  alarm  line  which  appears  as  a  balanced  line.  All  signals  are  digital 

2 

and  have  the  basic  (sin  x/x)  spectral  shape. 
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VIEW  A~A 


Figure  9-11.  Fan/Switch  Layout 
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The  power  line  has  a  single  EMI  filter  specified  for  dc,  50  Hz,  and  400 
Hz.  This  makes  it  larger  than  a  conventional  filter,  but  smaller  than  two  fil¬ 
ters.  The  power  line  filter  has  an  integral  power  line  connector  which  gives  faj 
better  filter  performance  as  installed  on  the  unit  and  saves  additional  space.  A 
grounding  terminal  is  provided  on  the  back  of  the  unit. 

The  logic  families  used  here,  are  low  power  Shottky  TTL  for  the  most 
part  to  save  power,  and  regular  Schottky  for  the  high-speed  portions. 

9.  2.  9  RELIABILITY  DESIGN 

The  MGM  has  a  specified  MTBF  of  4000  hours.  This  is  equivalent  to  250 
failures  in  10  hours.  The  reliability  prediction  and  the  demonstrated  results 
are  summarized  in  Table  9-5. 


TABLE  9-5 
MGM  RELIABILITY 


Specified 
MTBF  (Hrs) 


Predicted 
MTBF  (Hrs) 


Demonstrated 
MTBF  (Hrs) 


4000 


4857 


6800 
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9.  3  DETAILED  DESIGN  DESCRIPTIONS 
'  9.  3.  1  GROUP  LOGIC  MODULE 

A  block  diagram  of  the  Group  Logic  Module  is  shown  in  Figure  7-12.  This 
module  provides  full  duplex  rate  buffering  for  asynchronous  group  signals  applied 
to  the  multiplexer. 

Input  data  and  timing  pass  through  interface  circuits  to  enter  an  eight  bit 
buffer  store.  Rate  equalization  of  incoming  data  is  implemented  by  means  of  bit 
stuffing  and  spilling  technique.  Data  is  read  out  of  the  buffer  under  common 
circuit  control  so  as  to  maintain  the  store  occupancy  near  half  full.  The  store 
occupancy  is  monitored  by  applying  the  read-in  and  read-out  timing  to  a  phase 
detector.  The  state  of  the  occuparcy  monitor  is  sampled  and  stored  once  per 
major  frame  by  the  XSTROBE  signal.  The  stored  occupancy  signal  then  con¬ 
trols  whether  a  stuff  or  spill  indicator  word  will  be  signalled  in  that  major 
frame,  and  whether  a  spill  or  stuff  will  be  executed  in  response  to  the  SPILL 
(  clock  at  the  end  of  the  major  frame. 

Buffered  data  from  the  store  is  applied  to  a  common  circuit  data  multi- 
i  plexer  which  is  under  control  of  the  scanner  logic  modules.  The  READOUT 

clock,  generated  by  the  Scanner  Logic,  increments  a  readout  counter  in  the 
buffer  which  points  to  the  next  bit  to  be  read  out.  The  SPILL  clock  acts  as  just 
another  readout  clock  pulse  if  the  stored  occupancy  signal  indicates  the  need  for 
a  spill  (high  occupancy).  If  the  stored  occupancy  signal  indicates  the  need  for 
a  stuff  (low  occupancy)  then  the  SPILL  clock  signal  inhibits  the  next  READOUT 
clock  pulse. 

At  the  outgoing  (receive)  side  data  is  again  read  into  an  eight  bit  buffer 
store  by  the  READ-IN  clock  signal.  Over  the  course  of  a  major  frame  a  stuff  or 
spill  indicator  word  is  decoded.  Decode  of  a  stuff  indicator  word  results  in  an 
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RSTROBE  pulse.  This  will  inhibit  the  receive  side  SPILL  clock  from  reading 
SPILL  DATA  into  the  buffer  and  also  inhibit  the  next  READ-IN  clock.  If  there 
was  no  RSTROBE  pulse  then  by  default  the  SPILL  clock  will  read  in  accompanying 
SPILL  DATA.  In  this  manner  a  data  bit  is  allowed  to  enter  the  receive  buffer  if, 
and  only  if,  it  was  originally  part  of  the  data  stream  applied  to  the  multiplexer 
side  input. 

Outgoing  data  is  read  out  of  the  buffer  under  control  of  the  timing  smoothing 
circuitry.  A  binary  level  control  voltage  based  on  the  buffer  occupancy  is  applied 
to  the  4.096  MHz  voltage  controlled  crystal  oscillator  (VCXO).  The  4.096  MHz 
output  of  the  VCXO  may  be  used  directly  for  one  of  the  required  rate  families. 

For  the  4.9152  MHz  rate  the  VCXO  output  is  mixed  with  the  9.0112  MHz  i-f  and 

the  difference  frequency  recovered  in  a  crystal  filter.  The  4.608  MHz  rate 
family  uses  the  8.  704  MHz  i-f  mixed  with  the  4.  096  MHz  VCXO  output  and  a 
second  crystal  filter.  The  VCXO  or  filter  output  i3  applied  to  a  timing  count¬ 
down  chain  and  the  appropriate  output  is  used  as  the  readout  clock  for  the  buffer 
store.  The  RATE  SELECT  input  from  the  front  panel  switch  assembly  controls 
selection  of  the  appropriate  i-f  signal,  if  required,  and  the  divider  output  from 
the  timing  countdown  chain  to  produce  the  required  read-out  rate. 

L  3.  2  TRANSMIT  RATE  GENERATOR  MODULE 

The  function  of  the  Transmit  Rate  Generator  Module  is  to  provide  switch 
selectable  outgoing  (transmit)  mastergroup  timing,,  generate  the  transmit  scanner 
clock  and  from  it  a  full  complement  of  group  rate  timing  signals  synchronous  to 
the  multiplexer  clock.  Transmit  mastergroup  timing  may  originate  from  an 
external  station  clock  at  16  or  32  kHz,  receive  mastergroup  timing  at  18.72  of 
a.  36  MHz,  or  internal  oscillator  with  +5  parts  per  million  stability.  A  block 
diagram  of  the  Transmit  Rate  Generator  Module  is  shown  in  Figure  9-13. 

There  are  two  operating  control  switches  on  this  module  and  provision 
for  one  strap  option.  The  CLOCK  MODE  A  switch  selects  mas'er  or  slave 
timing  reference  for  the  outgoing  mastergroup.  If  the  Transmit  Mastergroup 
timing  is  referenced  to  an  externa!  source  this  switch  must  be  set  to  the  'slave1 
position.  The  CLOCK  MODE  B  switch  is  used  to  select  station  clock  or  receive 
mastergroup  timing  as  the  external  reference  timing.  The  strap  option  for 
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station  clock  selects  16  or  32  kHz  mode.  For  any  operating  mode  the  voltage 
controlled  crystal  oscillator  (VCXO)  ouput  provides  transmit  mastergroup 
timing,  XMGTIM.  An  input  logic  signal,  MGRATE,  controls  selection  of  high 
or  low  mastergroup  rate  signals. 

The  18.72  MHz  output  of  the  VCXO  drives  the  scan  clock  generator.  The 
scan  clock  generator  produces  a  18.432  MHz  output  synchronous  to  the  18.72 
MHz  input  by  deleting  four  consecutive  input  clock  pulses  in  each  count  of  260. 

In  each  multiplex  block  of  1300  bits  the  high  speed  scan  clock  will  have  five  gaps 
of  four  consecutive  18.  72  MHz  clock  pulses.  The  output  of  the  scan  clock  genera¬ 
tor  is  routed  off  card  as  XSCANCLK  to  drive  the  scanner  modules.  The  scan 
clock  generator  also  drives  a  set  of  timing  dividers  to  produce  the  15  group  rate 
timing  signals. 

The  gap  in  the  scan  clock  is  a  time  when  the  associated  Scanner  Logic  is 
inactive.  Hence  the  spill  clock  may  be  positioned  within  one  of  the  scan  clock 
gaps.  The  gap  is  fear  high  speed  time  slots  duration.  The  spill  pulse  may  then 
be  positioned  so  that  it  is  not  immediately  adjacent  to  the  read-in  or  read-out 
pulse  applied  to  any  Group  Logic  module.  The  spill  generator  produces  a 
spill  pulse  in  block  nine  of  the  multiplex  frame  during  the  scan  clock  gap 
immediately  prior  to  the  overhead  interval. 

The  circuits  of  the  Transmit  Rate  Generator  are  keyed  to  the  multiplex 
frame  by  a  transition  on  the  input  XARM  signal  which  originates  on  the  Format 
Generator  module.  This  produces  a  sync  pulse  which  is  nominally  at  the  start 
of  the  overhead  interval  in  block  nine  of  the  multiplex  frame. 

9.3.3  RATE  SELECTOR  MODULE 

The  Rate  Selector  module  is  used  to  select  the  appropriate  group  rate  timing 
signals  under  control  of  the  multiplexer  set  front  panel  RATE  SELECT  switch 
assembly  for  application  to  a  set  of  Scanner  modules.  A  block  diagram  of  the 
Rate  Selector  module  is  shown  in  Figure  9-14.  Two  identical  modules  are  re¬ 
quired,  one  to  select  the  Transmit  group  rate  timing  signals  and  another  for 
receive  timing. 
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The  addition  of  this  common  function  card  and  the  relocation  of  the  Rate 
Select  switches  allows  a  failed  Group  Logic  module  to  be  removed  without  affect 
ing  other  active  groups. 

9.3.4  SCANNER  MODULE 

The  Scanner  Module  provides  demand  assignment  of  multiplex  time  slots 
to  each  active  traffic  port  on  the  basis  of  the  nominal  traffic  rate  applied  to  the 
port  input.  The  Scanner  operates  at  the  aggregate  traffic  rate,  i.  e. ,  18.432 
MHz  for  the  high  rate  mastergroup  A  block  diagram  of  the  Scanner  Logic  is 
shown  in  Figure  9-15. 
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Figure  9-14.  Rate  Selector  Block  Diagram 

The  scanner  can  service  one  request  for  service  in  each  scan  clock  inter¬ 
val.  A  particular  channel  is  serviced  when  its  selected  nominal  channel  rate  timing 
signal  makes  a  transition  during  a  scan  clock  interval.  If  two  or  more  channels 
simultaneously  demand  seivice,  then  the  request  at  the  lowest  port  number  is 
given  priority  and  other  requests  remain  pending.  This  level  of  priority  remains 
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in  effect  so  long  as  no  input  port  has  more  than  one  request  pending.  When  any 
port  has  more  than  one  request  pending  the  level  of  priority  is  shifted  so  that 
the  lowest  number  port  with  more  than  one  request  pending  is  given  highest 
priority  and  serviced  first.  The  scanner  is  insensitive  to  more  than  two  pend¬ 
ing  requests.  In  addition,  consecutive  multiplex  time  slots  cannot  be  assigned 
to  the  same  port  number. 

Each  scanner  logic  PCB  processes  six  traffic  channels.  In  the  12-channal 
MGM  two  identical  scanner  cards  are  required  for  the  transmit  function,  and 
another  two  identical  scanner  cards  are  required  for  the  receive  function. 

Each  of  the  six  input  timing  rate  signals  are  applied  to  six  identical  port 
processing  circuits  which  format  a  service  request.  The  service  request  is 
then  steered  to  one  or  the  other  of  two  integrated  circuit  priority  encoders 
which,  if  enabled,  generate  the  address  of  the  lowest  number  active  input. 

The  address  is  then  decoded  so  that  an  appropriate  signal  can  be  fed  back  to 
the  port  processor  to  terminate  the  request. 

In  order  to  study  the  operation  of  the  scanner  in  detail,  let  us  consider  a 
simplified  three -channel  scanner.  A  block  diagram  is  shown  in  Figure  9-15. 

If  there  are  no  double  requests  pending  for  any  channel,  then  the  double  request 
priority  encoder  "E"  output  is  low,  and  the  address  select  mux  will  select  '.he 
two-bit  address  cor  responding  to  the  lowest  number  active  input.  If,  however, 
there  are  any  double  requests  pending,  then  the  double  request  priority  encoder 
E  1  output  is  high  and  the  address  select  mux  will  select  the  two-bit  address 
corresponding  to  the  lowest  number  active  input  with  a  double  request  pending. 
The  "E"  output  also  disables  the  single  request  address  decode  circuit  which 
inhibits  the  servicing  of  any  single  requests. 

Figure  9-16  is  a  graphical  representation  of  how  the  scanner  determines 
the  format  in  which  the  channels  are  multiplexed.  Each  channel's  clock  is  re¬ 
timed  on  the  scanner  card  and  negative -going  transitions  are  represented  by 
arrows.  Each  arrow  is  a  request  for  service.  Channel  3  has  the  highest  rate 
and  channel  1  has  the  lowest.  Assume  that  there  exists  one  scan  dock  interval 
when  all  I'.n-e  channels  have  a  request  for  service.  This  occurs  during  time 
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slot  T0  in  the  diagram.  During  this  time  slot,  all  three  channels  have  a  single 
request  pending.  Channel  1  is  the  lowest  numbered  active  port  and  is  serviced 
during  time  slot  Tl.  Channels  2  and  3  still  have  single  requests  pending. 
Channel  2  is  serviced  during  time  slot  T2.  In  time  slot  T3  channel  3  receives 
another  request  for  service.  Channel  3  now  has  a  double  request  pending  and 
since  there  are  no  lower  numbered  channels  with  double  requests  pending, 
channel  3  is  serviced  and  now  has  a  single  request  pending.  During  time  slot 
T4,  channel  3  is  the  only  channel  with  a  single  request  pending,  but  since  no 
channel  may  be  serviced  in  two  consectuvie  time  slots,  an  unused  (dummy) 
channel  4  is  serviced.  This  dummy  channel  is  also  serviced  during  time  slot 
T18  when  no  channel  has  any  requests  pending. 

As  a  second  example,  let  us  now  consider  two  six-channel  scanner  cards 
and  see  how  certain  rate  combinations  which  do  not  exceed  the  maximum 
aggregate  rate  will  cause  a  scanner  failure.  Figure  9-17  illustrates  this 
failure.  Notice  that  in  time  slot  T6,  channel  12  has  a  double  request  pending 
which  does  not  get  serviced  until  time  slot  T12  because  lower  numbered  chan¬ 
nels  7  through  11  have  their  double  request,,  serviced  first.  During  time  slot 
T12  a  failure  occurs  because  as  channel  12  is  having  its  double  request  ser¬ 
viced,  a  third  request  for  service  occurs.  Since  the  scanner  card  has  no 
way  of  storing  this  triple  request,  it  is  lost  and  channel  12  will  only  have  a 
single  request  pending  instead  of  a  double  one. 

9.  3.  5  FORMAT  GENERATOR  MODULE 

The  Foimat  Generator  module  performs  multiplexing  and  combining  of 
both  traffic  and  overhead  data  to  format  the  outgoing  mastergroup  data  stream. 
A  bio*,  k  diagram  of  the  Format  Generator  module  is  shown  in  Figure  9-16. 

Buffered  data  from  the  Group  Logic  modules  is  applied  to  a  data  multi¬ 
plexer  which  interleaves  data  under  control  of  the  input  scan  address.  The 
latter  is  formed  by  the  Scanner  modules.  The  resultant  aggregate  traffic  data 
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stream  at  18.432  (9.216)  Mb/s  is  continuously  read  into  a  20  bit  buffer.  This 
data  is  read  out  of  the  buffer  at  18.  72  (9.  36)  Mb/s  throughout  the  portion  of  the 
multiplex  frame  allotted  to  traffic  data,  i.e.,  1280  time  slots  in  each  block  of 
1300  mastergroup  time  slots.  During  the  remaining  20  bit  overhead  interval 
of  each  multiplex  block  data  is  read  from  the  overhead  data  format  generator. 
The  traffic  and  overhead  data  combine  to  form  the  outgoing  mastergroup  bit 
stream. 

The  input  mastergroup  timing  (XMGCLOCK)  drives  a  mod- 1300  counter 
which  defines  a  multiplexer  block.  The  last  20  bits  of  each  block  define  the 
overhead  interval.  The  output  of  the  multiplex  block  counter  in  turn  drives 
a  mod-9  block  counter  which  counts  out  the  nine  blocks  of  a  multiplex  frame. 

The  block  nine  output  in  turn  toggles  a  flip-flop  to  define  a  major  frame. 

During  the  20  bit  overhead  interval  of  each  multiplex  block  the  overhead 
format  logic  assembles  the  appropriate  20  bit  overhead  block  which  is  trans¬ 
mitted  as  part  of  each  1300  bit  multiplex  block.  The  overhead  block  assembly  is 
under  the  combined  control  of  the  mod- 1300  block  counter,  mod-9  frame 
counter,  and  major  frame  flip-flop.  Overhead  information  to  be  assembled 
varies  from  block  to  block  and  consists  of: 

a.  Multiplex  frame  code 

b.  Stuff  or  spill  code  for  each  of  12  groups 

c.  Spill  data 

d.  Voice  Orderwire  Data  (VOW) 

e.  Telemetry  Orderwire  Data  (TOW) 

The  resultant  overhead  format  is  as  shown  in  Figure  9-2. 

Some  timing  and  control  signals  are  also  generated  on  this  module  to 
synchronize  the  operation  of  other  modules.  Occupancy  strobe  pulses  are  is¬ 
sued  to  Group  Logic  modules  which  interrogate  and  latch  the  contents  of  the 
transmit  buffer  occupancy  monitor.  The  resultant  information  determines 
whether  a  stuff  or  spill  indicator  word  will  be  transmitted  in  a  given  block.  The 
spill  pulse  from  the  Transmit  Rate  Generator  is  also  gated  with  the  major  frame 
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flip-flop  to  form  the  common  spill  pulse  for  Groups  1-6  and  another  for  Groups 
7-12.  The  appropriate  spill  clock  will  then  latch  spill  data  into  the  overhead 
format  logic.  The  XARM  signal  transition  is  nominally  produced  at  the  start 
of  the  overhead  interval  in  Block  9  of  the  multiplex  frame.  This  is  used  to  key 
the  operation  of  the  Transmit  Rate  Generator  module  to  the  multiplex  frame. 

The  XBLOCK9  signal  is  also  used  by  the  Transmit  Rate  Generator  to  key  the 
placement  of  the  spill  pulse  in  the  multiplex  frame. 

9.3.0  RECEIVE  RATE  GENERATOR  MODULE 

The  function  of  the  Receive  Rate  Generator  module  is  to  generate  the  re¬ 
ceive  scan  clock  and  a  full  complement  of  group  rate  timing  °ignals  synchronous 
to  the  incoming  mastergroup  clock.  Also  located  on  this  card  are  two  tempera¬ 
ture  compensated  crystal  oscillators  which  operate  at  9.  0112  MHz  and  8.  704  MHz 
tc  provide  the  i-f  signals  for  the  Group  Logic  receive  timing  smoothing  circuits. 

A  block  diagram  of  the  Receive  Rate  Generator  is  shown  in  Figure  9-18. 

One  operating  control  switch,  MASTERGROUP  RATE,  is  located  on  this 
module.  This  selects  a  logic  level  used  to  control  selection  of  low  (9.  36  MHz) 
or  high  (18.72  MHz)  mastergroup  rate. 

The  primary  drive  signal  to  this  module  is  incoming  mastergroup  timing 
at  18.  72  or  9.  36  MHz.  The  drive  signal  to  the  scan  clock  generator  must  be  at 
18.72  MHz.  Hence  for  the  low  rate  mastergroup  the  incoming  mastergroup 
timing  is  first  doubled  and  then  applied  to  the  scan  clock  generator.  The  opera¬ 
tion  of  the  scan  clock,  sync  and  spill  generators  and  timing  countdown  chain  are 
virtually  identical  to  the  circuits  of  the  Transmit  Rate  Generator.  In  this  case 
the  circuits  of  the  Receive  Rate  Generator  are  keyed  to  the  multiplex  frame  by  a 
transition  on  the  input  RARM  signal  which  originates  on  the  Framing  module. 

This  transition  nominally  occurs  at  the  end  of  the  overhead  interval  in  Block  9 
of  the  multiplex  frame.  The  receive  spill  pulse  generator  is  keyed  to  a  signal 
transition  on  the  Framing  module  produced  at  the  start  of  Bloc1.:  1  of  the  multi¬ 
plex  frame.  This  results  in  a  spill  pulse  generated  during  the  first  scan  clock 
gap  interval  following  multiplex  Block  9. 


eive  Rate  Generator  Block  Diagram 
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9.3.7  FRAMING  MODULE 

A  block  diagram  of  the  Framing  module  is  shown  in  Figure  9-19.  This 
module  is  used  to  synchronize  the  incoming  mastergroup  bit  stream  to  the  local 
multiplex  block  and  frame  counters  so  that  traffic  and  overhead  data  can  be 
identified  and  decombined. 

Incoming  mastergroup  data  and  timing,  MGDATA  and  MGTIM,  are  inter¬ 
faced  to  TTL  logic  levels  and  applied  to  a  ten  bit  input  shift  register.  The  master¬ 
group  clock  RECTIM  and  retimed  data  RECDATA  are  then  routed  off-card  for  use 
by  other  modules.  Gating  at  the  shift  register  parallel  outputs  allows  decoding 
of  error-free  stuff  (STF),  spill  (SPL),  and  multiplex  frame  (MFC,  MFC) 
codes  which  are  used  by  the  frame  acquisition  and  maintenance  control  circuits. 

In  the  initial  frame  acquisition  mode  the  mod- 1300  multiplex  block  counter 
is  held  at  a  state  which  allows  each  mastergroup  time  slot  to  be  tested  until  a  stuff 
spill,  or  multiplex  frame  code  is  detected.  Upon  detection  of  such  a  code  the 
mod-  1300  block  counter  is  released  to  that  the  appropriate  overhead  channel  time 
slot  can  be  tested  again  1300  time  slots  later.  Ten  consecutive  correct  samples 
are  required  for  entry  into  the  frame  maintenance  mode.  In  addition,  when  the 
MFC  or  MFC  is  detected,  then  the  mod-9  multiplex  frame  and  mod-2  frame 
counters  are  released. 

In  the  frame  maintenance  mode  the  multiplex  codes  (MFC  and  MFC)  are 
monitored  to  detect  loss  of  frame.  In  every  sample  of  16  frames,  11  or  more 
successful  frame  code  indications  must  be  received  to  prevent  re-entry  into 
the  frame  acquisition  mode  wherein  search  is  allowed.  A  TTL  compatible  Frame 
Search  inhibit  signal  can  be  applied  to  the  module  to  squelch  frame  search.  A 
frame  alarm  relay  dc  closure  is  also  routed  off-card  to  signal  loss  of  frame. 

The  parallel  data  outputs  from  the  input  ten  bit  shift  register  are  also 
strobed  into  two  latches  by  appropriate  strobes  from  the  multiplex  block  counter. 
The  Overhead  Data  Latch  stores  spill  data  bits  and  orderwire  data  words  for  the 
Group  Logic  and  Orderwire  modules,  respectively.  Another  latch  and  counter 
perform  a  majority  vote  decode  on  the  incoming  stuff/spill  indicator  word.  If 
a  stuff  indicator  is  decoded,  then  a  STFSTROBE  signal  is  issued  to  the  appro¬ 
priate  Group  Logic  module. 
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Several  timing  and  control  signals  ace  also  generated  which  synchronize 
the  operation  of  other  modules.  The  RARM  signal  is  produced  at  the  end  of  the 
overhead  interval  in  Block  9  of  the  multiplex  frame.  This  is  used  to  key  the 
operation  of  the  Receive  Rate  Generator  to  the  multiplex  frame.  The  Block  1 
signal  transition  is  also  used  by  this  module  to  key  the  placement  of  the  spill 
pulse  with  respect  to  fhe  multiplex  frame.  The  spill  clock  returned  from  the 
Receive  Rate  Generator  is  then  gated  with  the  major  frame  flip-flop  to  form  the 
common  spill  pulse  for  Groups  1-6  and  another  for  Groups  7-12.  The  OVER.- 
HEAD  and  RGATECLR  signals  are  useci  by  the  Receiver  Mastergroup  module  to 
control  and  synchronize  operation  of  its  traffic  data  buffer. 

9.3.8  MASTERGROUP  RECEIVE  MODULE 

The  primary  function  of  the  mastergroup  receive  module  is  to  demultiplex 
the  receive  mastergroup  data  stream  into  its  constituent  data  channels.  This 
card  also  contains  specialized  BITE  circuitry  which  monitors  the  performance 
ot  the  equipment  Scanner  logic  cards.  A  block  diagram  of  the  Mastorgi  uV.p 
Receive  module  is  shown  in  Figure  9-20. 

Receive  mastergroup  data  and  timing  from  the  Framing  module  are  applied 
to  a  2G  bit  aggregate  data  buffer.  Data  is  read  into  the  buffer  throughout  each  1300 
bit  block  except  during  the  20  bit  overhead  interval.  An  overhead  gate  signal 
from  the  Framing  module  inhibits  data  read-in  during  the  overhead  interval. 

Data  is  read  out  of  the  buffer  throughout  each  1300  bit  block  by  the  receive  scan 
clock  which  originates  on  the  Receive  Rate  Generator  module.  Identical  receive 
scan  clock  signals  also  drive  the  receive  scanner  logic  modules  which  produce  a 
scan  address  during  each  scanner  closk  interval.  The  receive  scan  address 
identifies  the  channel  associated  with  the  traffic  bit  currently  being  read  out  of 
the  buffer. 

In  the  high  rate  mastergroup  mode,  the  mastergroup  clock  is  a  continuous 
18.72  MHz  whereas  the  scan  clock  averages  18,432  MHz  over  a  block  interval. 

The  latter  signal  is  derived  from  the  mastergroup  clock  by  deleting  four  adjacent 
mastergroup  clock  pulses  in  every  group  of  260  mastergroup  clock  pulses.  Over 
each  block  interval  of  1300  mastergroup  time  slots  exactly  1280  traffic  bits  are 
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read  into  the  buffer  and  1280  traffic  bits  are  read  out.  However,  with  respect 
to  an  18.  72  MHz  timing  reference,  there  is  a  20  bit  gap  in  the  read-in  of  data 
during  the  overhead  interval,  and  five  gaps  of  four  time  slots  in  the  read-out 
over  a  block  interval;  hence,  the  requirement  for  the  20  bit  buffer.  Similar 
conditions  apply  for  the  low  rate  mastergroup  mode. 

Buffer  read-in  and  read-out  is  synchronized  after  each  overhead  interval 
by  the  RGATECLR  signal  which  also  originates  on  the  Framing  module.  At  the 
end  of  an  overhead  interval,  all  data  from  the  past  block  has  been  read-out  of 
the  buffer.  The  first  four  bit  data  word  of  the  new  block  is  read  into  the  buffer 
four  times  slots  after  the  end  of  o\  erhead.  The  first  read-out  trails  the  read-in 
by  one  scan  clock  interval.  This  interval  is  four  time  slots  wide  because  the 

scan  clock  gap  is  positioned  to  that  point  in  the  frame.  During  each  subsequent 
scan  clock  gap,  the  buffer  occupancy  increases  by  four  bits.  The  20  bit  accumu¬ 
lation  which  has  built  up  during  the  traffic  interval  of  the  block  is  then  read-out 
during  the  overhead  interval  during  which  time  no  data  is  read-in. 

Data  read-out  of  the  buffer  is  then  nominally  delayed  by  one  scan  clock 
interval  to  line  up  with  the  latched  incoming  scan  address.  The  scan  address 
then  steers  the  data  into  a  corresponding  channel  data  latch.  This  latched  data 
is  then  read  into  the  corresponding  Group  Logic  card  by  a  read-in  clock  formed 
on  the  scanner  logic  card. 

As  indicated  in  the  blot  k  diagram,  this  card  also  contains  specialized 
BITE  circuitiy  which  monitors  each  of  the  four  equipment  scanner  logic  cards. 
Each  input  channel  on  a  scanner  card  is  presented  with  the  nominal  rate  for  that 
channel.  Over  a  multiplex  frame  interval  (nine  blocks)  the  number  of  scan 
addresses  assigned  tc  that  channel  must  be  in  one-to-one  correspondence  with 
the  number  of  nominal  rate  transitions.  There  may  not  be  a  one-to-one  corres¬ 
pondence  over  a  shorter  time  interval  because  requests  can  be  kept  pending  while 
one  or  more  higher  priority  channels  are  being  serviced. 

The  input  and  resultant  output  rates  for  each  scanner  channel  are  connected 
to  a  pair  of  multiplexers  on  each  scanner  logic  card.  Then  outputs  are  Tri-State 
connected  and  accessed  by  the  scanner  BITE  circuitry  via  the  TSTIRATE  and 
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TSTORATE  inputs  on  the  mastergroup  receive  cerd.  The  particular  scanner 
logic  card  and  channel  within  the  card  being  accessed  is  determined  by  the 
TESTADDR  and  ENABLE  signals. 

Two  multiplex  frames  are  required  to  test  each  channel  of  a  scanner  logic 
card.  Failure  of  any  channel  is  latched  and  reported  over  the  BITE  bus  on  a 
scanner  logic  module  basis.  This  circuit  may  also  be  used  during  equipment 
setup  to  detect  a  frame  overflow  condition. 

9.3.9  ORDERWIRE  MUX/DEMUX  MODULE 

The  function  of  the  Orderwire  module  is  to  provide  a  capability  for  two 
full  duplex  digital  orderwire  channels.  Both  channels  must  be  bit  synchronous 
to  the  multiplexer  set  clock.  However,  the  static  phase  of  the  incoming  data 
transitions  is  arbitrary.  Each  orderwire  channel  may  operate  at  16  or  32  kb/s, 
switch  selectable. 

A  block  diagram  for  one  full  duplex  channel  of  the  Orderwire  module  is  shown 
in  Figure  °-21.  Both  orderwire  channels  are  identical.  Incoming  data  is  level 
converted  to  standard  TTL  levels  and  applied  to  a  transition  detector  and  an 
input  shift  register.  Detected  data  transition  preset  an  autophasing  counter  to 
produce  a  bit  rate  clock  with  transition  centered  in  the  data  interval.  This 
clock  loads  data  into  the  input  shift  register  and  increments  the  mod-5  serial- 
parallel  control  counter.  After  each  five  bit  data  word  is  assembled  it  is  trans¬ 
ferred  into  a  data  storage  register  for  subse juent  -eadout  in  the  overhead  channel 
of  the  multiplex  frame.  The  inverse  process  takes  place  at  the  demultiplex  side, 
five  bit  wide  data  wo^d  may  be  read  into  a  storage  register  at  the  end  of  block  1 
through  block  8.  The  particular  strobe  set  is  dependent  both  on  the  mastergroup 
rate  and  the  orderwire  channel  rate.  The  data  word  is  then  parallel  loaded  into 
an  output  shift  register  upon  command  of  a  mod-5  control  counter.  The  output 
shift  register  generates  serial  output  data  at  the  selected  orderwire  rate.  Out¬ 
going  timing  accompanies  the  data. 
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9.  3.  10  SWITCH  ASSEMBLY 

An  equipment  front  panel  switch  assembly  allows  one  of  15  possible  group 
rates,  or  the  "not  in  use"  condition  to  be  selected  for  each  of  the  12  possible 
group  inputs  applied  to  the  MGM.  A  separate  Inhibit  switch  is  also  provided  for 
each  of  the  12  group  inputs  which  is  used  to  inhibit  the  BITE  alarm  and  disable 
outgoing  traffic  for  the  associated  group.  This  feature  allows  a  particular  rate 
combination  to  be  setup  without  having  active  traffic  on  all  groups  included  in  the 
combination. 

9.3.11  BITE  MODULE 

The  MGM  uses  a  standard  DGM  BITE  module  to  monitor  signals  in  and  out 
of  the  unit  and  internal  circuits.  The  BITE  module  generally  allows  isolation  of 
failures  to  a  particular  printed  circuit  card  or  lowest  replaceable  unit  (LRU). 

The  BITE  module  provides  two  dc  closure  summary  type  alarm  indications  (S  and 
SA).  A  visual  summary  alarm  lamp  driven  by  the  tJE  module  is  provided  on 
the  power  supply  front  panel. 

9.3.12  HFE 

The  MGM  design  incorporates  the  requirements  of  MIL-STD-1472  to 
the’maximum  extent  possible,  consistent  with  operational  requirements  and 
physical  design  limitations  imposed  by  TT-B1 -220? -0013  performance  specifica¬ 
tion. 

Initial  setup  controls  required  to  configure  the  equipment  to  system  re¬ 
quirements  are  incorporated  onto  the  accessible  edge  of  the  PCB's.  These 
controls  are  protected  by  the  front  panel  cover.  The  unit  BITE  control  and 
alarm  are  positioned  for  rapid  recognition  and  ease  of  identification. 

Figures  9-22  and  9-23  show  layouts  for  the  front  and  rear  of  the  MGM. 
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Figure  9-22.  MGM  Front  Panel  Layout 


Figure  9-2 i,  MGM  Rear  Panel  Layout 
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SECTION  10 
GROUP  MODEM 


The  Group  Modem  (GM)  carries  traffic  at  various  rates  between  72  Kb/s 
and  4^15.2  Kb/s.  Three  types  of  modulation  are  employed;  conditioned  diphase, 
bipolar,  and  dipulse.  In  some  instances  an  orderwire  channel  must  be  provided, 
and  in  other  cases  a  telemetry  channel  must  also  be  provided. 

10.1  DESIGN  GOADS  AND  REQUIREMENTS 

Functional  requirements  for  the  Group  Modems  are  summarized  in  Table 

10-1. 

10.1.1  DIPHASE  GM 

The  Diphase  GM  handles  traffic  at  the  following  rate:  72,  128,  144,  256, 
288,  512,  576,  1024,  1152,  1536,  2048,  2304,  4096  and  4608  kb/s.  Balanced 
NRZ  signals  are  accepted  at  the  equipment  side  and  are  converted  to  unbalanced 
conditioned  diphase  at  the  cable  side.  Various  lengths  of  CX-11230  cable  may  be 
driven,  depending  upon  the  data  rate  as  follows: 


Rate  (kb/s) 

Maximum  Dist.  (km) 

Up  to  576 

3.  2 

1024  to  2304 

1.6 

4096  and  4608 

0.  8 

At  rates  of  256  kb/s  or  higher,  the  GM  also  must  handle  an  urderwire 
channel,  and  a  telemetry  channel.  The  orderwire  may  be  either  a  VINSON,  which 
is  a  lo  kb/s  digital  signal,  or  an  analog  signal  whose  band  is  300  to  3400  cps. 

It  is  desirable  that  the  analog  orderwire  channel  use  only  passive  components 
in  the  GM.  The  telemetry  channel  is  a  2  kb/s  balanced  NRZ  signal. 


10-1 


RAYTHEON 


RAYTHEON 

EQUIPMENT 


c 


QMPANY 

l  V  I  S  I  O  N 


TABLE  10-1 

GROUP  MODEM  FUNCTIONAL  REQUIREMENTS 


Function 

Modem 

Diphase 

Dipulse  j 

Group  Rates 
kb  -  s 

128,  256, 

512,  102-4 

2048,  4096 

72,  144, 

288,  576. 

1152,  2304, 

4068 

1 

288,  576, 

1152,  2304 

! 

1 

-.=  : 

1536 

_ 

Equipment  Side 

Interlace 

Balanced  NR 7.  data 

md  Timing 

Modulation 

Conditioned 

Diphase 

Dipulse 

iggjggl 

Distance 

3.2  km  <S  576  kb's 
l .  6  km  (§  2304  kb/.* 
0.  8  km  @  4608  kb/s 

1 . 6  km 

0,  3  krs 

l  me  Side 
Ir.erface 

Cable 

CX- 1 1230 

CX- 11230 

cx  -  : 

(Unbalanced) 

Rate 

Same  as  Group 

Rate 

2304  kb/s 

* *■  -  •  r  f 

Power 

- 

dc  loop  back 

--qp< 

RLGM,  KMC., 

TD-754 

TD-206 

mm 

Orde ru  ire 

One  channel  for 

2  kb/s  telemetry 
and  16  kb/s  digital 
o i  300.  3400  Hz 
analog 

Analog 
compatible 
with  TD-754 

A -a  .  ; 
oo  **: »:  :*e 
"  it”  ru  •  - 

BITE  ^ 

T  clc.TCtrv 


T lmine  Ootions 


MTBF 


Power 


W  v ; 


BITE  locates  faults  to  a  single  plug-in  module. 


a)  Transmit  timing  derived  from  rcla«*d 

b)  Transmit  tirii^g  derived  from  receives' 


eOOO  hr> 


115  V  *  10r<,  at  50,  -  0.  and  400  Hz 
o  r 

28  \  *4,  -6  V  dc,  120  vatts  max. 


8.  5  I,  x  12  d  x  1  “  1  '4  .v  for  1Q  racv 


15  kg. 


N ot \  Biphase  Modem  and  DipuUe  Interface  have  a  black  Station 

clock  output  at  the  Group  Kate  on  the  Equipment  Side, 
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A  Station  Clock  output  is  available  on  the  equipment  side  at  the  group 
rate,  and  is  derived  from  the  recovered  timing  on  the  receive  side. 

10.1.2  DIPULSE  GM 

The  dipulse  GM  handles  traffic  on  the  equipment  side  at  rates  of  288,  576, 
1152  and  2304  Kb/s,  and  in  each  case  transmits  data  over  the  cable  at  2304  Kb/s. 
Balanced  NRZ  signals  are  accepted  at  the  equipment  side  and  are  converted  to 
dipulse  signals  for  transmission  over  CX  -  1  1230  cable  at  distances  up  to  1.6  Km 
for  unrepeatered  systems.  When  used  with  a  repeatered  cable  syste,  loopback 
of  the  incoming  power  feed  is  provided.  Also,  an  analog  orderwire  channel  can 
be  handled  by  the  dipulse  GM.  A  high  transmit  level  is  required  for  the  repeatered 
case,  so  therefore  the  orderwire  will  not  be  passive. 

10.1.3  BIPOLAR  GM 

The  bipolar  GM  handles  traffic  at  4.  9152  Mb/s.  Balanced  NRZ  signals  are 
accepted  at  the  equipment  side  and  are  converged  to  bipolar  signals  to  be  trans¬ 
mitted  over  CX-1  1230  cable  at  distances  up  to  0.8  Km  in  an  unrepeated  system. 
When  used  with  n  repeated  cable  system,  loopback  of  the  incoming  power  feed  is 
provided. 

Also,  an  analog  orderwire  (300  to  i700  Hz)  must  be  transmitted  over  the 
cable.  A  high  transmit  level  is  required  for  the  repeated  case,  so  that  orderwire 
will  not  be  passive, 

10.2  DESIGN  APPROACH 

The  original  concept  of  the  Group  Modem  was  that  it  could  contain  any  mix 
of  various  GM's  and  rates,  with  a  maximum  of  12  GM  PCB's  per  case  (see 
Figure  10-1).  Due  to  the  complexity  of  the  diphase  GM  and  the  PCB  area  required 
by  various  filters,  the  circuitry  cannot  be  located  on  one  PCB.  Since  the  diphase 
GM  requires  two  PCB's,  it  has  a  maximum  capability  of  six  GM's  per  case. 

The  diphase  GM  employs  a  type  of  Frequency  Division  Multiplexing, 
where  tor  rates  of  256  KHz  or  higher,  the  diphase  data  is  put  on  the  cable  without 
a  filter,  the  VINSON  and  telemetry  signals  are  combined  digitally  and  trans¬ 
mitted  at  baseband  through  a  low  pass  filter.  Other  approaches  have  been  con¬ 
sidered,  a  TDM  anproach,  a  space  division  multiplex  approach,  and  a  multi¬ 
sampling  approach.  These  approaches  are  discussed  in  paragraph  2.1.2. 
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Figure  10-1.  Group  Modem  Block  Diagram 
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The  dipulse  GM  design  concept  is  fairly  straightforward,  as  the  orderwire 
is  comparatively  simple.  Here,  the  audio  is  put  at  baseband  and  the  dipulse 
occupies  the  upper  end  of  the  frequency  spectrum. 

The  bipolar  GM  design  concept  is  similar  to  the  diphase  GM  concept,  except 
for  the  different  waveform  and  bit  rate  at  the  cable  interface. 

1 C.  3  DETAILED  DESIGN  DESCRIPTION 

10.  3.  1  DIPHASE  GM  TRAFFIC  CIRCUITS 

Equipment  side  inputs  to  the  diphase  GM  are  balanced  NRZ  data,  timing 
and  station  clock.  Balanced  inputs  are  terminated  in  100  ohms.  Figure  10-2 
shows  a  block  diagram  of  the  diphase  GM,  traffic  circuits. 

Since  data  is  to  be  retimed  by  the  recovered  clock,  an  automatic  phasing 
circuit  is  required  to  compare  the  phase  of  the  recovered  clock  with  that  of  the 
input  group  data.  In  this  manner,  the  proper  phase  of  the  recovered  clock  can 
be  usee  to  retime  the  data. 

The  transmit  timing  utilizes  either  the  equipment  NRZ  timing  (TIM)  or 
the  timing  recovered  from  the  received  cable  data  (loop).  This  option  is  switch 
selectable. 

The  incoming  NRZ  data  is  converted  to  diphase  using  the  2  fQ  clock  gener¬ 
ated  by  using  both  the  positive  and  negative  transitions  of  the  incoming  data 
rate  clock.  The  diphase  generator  output  drives  a  cable  driver  which  in  turn 
delivers  3  Vpp  to  the  CX  11230  cable. 

Diphase  data  received  from  the  CXI  1230  cable  enters  the  board  via  a 
buffer.  The  buffer  output  drives  a  two  pole  high  pass  filter  which  is  used  to 
separate  the  diphase  data  and  the  orderwire  signals.  The  high  pass  filter  cutcU 
frequency  is  switch  selectable  at  7.  2  kHz  or  25  kHz. 
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The  filter  output  drives  an  equalization  amplifier.  The  equalization  ampli¬ 
fier  is  designed  to  equalize  the  maximum  cable  length  flat,  to  the  maximum  bit 
ra>,_,  for  that  length  according  to  the  following  table: 

Max  Cable  Length  (km)  Max  Frequency  (kHz) 


3.2 

576 

1.  6 

2304 

0.8 

4608 

Figure  10-3  shows  the  frequency  response  for  the  cable  up  to  the  maximum 
frequency  to  which  it  will  be  equalized.  The  equalizer  is  a  single  pole  and  is 
switched  according  to  cable  length.  The  equalizer  is  switched  out  for  the  situa¬ 
tion  where  there  is  0  cable  length  such  as  during  loopback  at  the  GM  case.  The 
other  three  switch  positions  are  utilized  for  the  .8,  1.6  and  3.  2  km  cable  lengths. 

The  output  of  the  equalizer  drives  a  zero  axis  crossing  detector.  The  out¬ 
put  of  the  axis  crossing  detector  drives  a  timing  recovery  phase  lock  loop,  and  a 
diphase  to  binary  converter. 

The  timing  recovery  loop  utilizes  a  crystal  VCXO  which  has  two  center 
frequencies  (9216  kHz  and  8192  kHz).  The  YCXO  center  frequency  is  selectable 
via  a  control  input  that  responds  to  logic  levels.  The  VCXO  frequency  selection 
is  a  function  of  whether  the  group  rate  is  a  multiple  of  144  kHz  or  128  kHz. 
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Figure  10-3.  Attenuation  of  CXI  1230  Cable 

The  VCXO  output  is  either  passed  straight  through  or  divided  as  a  function 
of  the  rate  code  switch.  (See  Figure  10-4  Diphase  Group  Modem  Receive  Timing 
Recovery).  The  rate  selector  is  controlled  by  the  rate  switch.  Table  10-2  lists 
the  group  rates  and  the  rate  codes  generated  by  the  16  position  rate  switch.  The 
same  rate  codes  are  proposed  for  the  TGM  and  MGM  with  code  15  reserved  for 
4915.  3  kHz. 

The  output  of  the  timing  recovery  divider  is  compared  to  the  incoming  data 

in  a  D  Flop  Phase  Detector.  The  resulting  phase  comparison  is  filtered  in  the 

amplifier  that  follows  and  applied  to  the  control  inputs  of  the  VCXO.  The  timing 

recovery  yields  a  data  rate  clock  f  and  a  2  times  data  rate  clock  2  f  .  These 

o  o 

clocks  are  required  by  the  diphase  to  binary  conversion  circuits  that  follow  the 
zero  axis  crossing  detector  (see  Figure  10-5). 

10.  3.  2  DIPHASE  GM  ORDER  WIRE  CIRCUITS 

Equipment  side  VINSON  data  and  telemetry  data  enter  the  modem  via 
balanced  NRZ  inputs.  The  VINSON  and  telemetry  data  signals  are  compared  to 
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16  kHz  and  2  kHz  clocks,  respectively,  in  an  autophase  circuit.  The  16  kHz 
and  2  kHz  clocks  are  generated  by  dividing  the  32  kHz  station  clock.  The  auto¬ 
phase  circuit  establishes  a  clock  phase  that  is  used  to  sample  the  incoming  data 
(see  Figure  10-6). 

The  method  for  retiming  randomly  phased  data  with  recovered  clock  is 
shown  in  Figure  10-7.  This  circuit  uses  two  "one-shot"  circuits  to  test  the 
phase  of  the  data  relative  to  the  recovered  clock.  The  first  one-shot  generates 
a  test  window  which  is  2T  nanoseconds  in  width  following  a  positive  transition 
of  the  data  input.  The  second  one-shot  delays  the  retiming  clock  by  T  nano¬ 
seconds.  If  the  delayed  clock  falls  within  the  test  window,  a  JK  flip-flop  changes 
state  and  inverts  the  retiming  clock,  changing  its  phase  by  half  a  bit  time.  The 
second  retiming  flip-flop  is  always  clocked  with  the  station  clock  so  that  the  out¬ 
put  data  phase  is  independent  of  the  phase  of  the  input  data. 

The  output  of  the  telemetry  autophase  circuit  is  summed  in  an  exclusive  or 
gate  with  an  8  kHz  clock.  The  8  kHz  clock  is  phased  such  that  it  is  set  low  (di¬ 
gital  0)  at  the  transitions  of  the  telemetry  data. 

The  resulting  telemetry  added  to  the  8  kHz  clock,  and  the  Vinson  data  are 
multiplexed  together  at  a  32  kHz  rate.  Alternate  samples  are  taken  of  telemetry 
and  Vinson  data.  The  multiplexer  output  is  retimed  and  put  on  the  CXI  1230  cable 
via  a  driver  followed  by  a  low  pass  filter.  The  filter  is  a  4-pole  butterworth 
with  a  20  kHz  cutoff.  The  orderwire  level  into  the  cable  is  1  volt  peak-to-peak. 

The  switch  selects  the  orderwire  type  used,  position  SOW  selects  the 
secure  orderwire  and  position  MOW  selects  the  maintenance  orderwire.  The 
maintenance  orderwire  may  be  used  at  all  diphase  traffic  rates.  The  secure 
orderwire  may  be  used  at  diphase  traffic  rates  of  256  kb/s  or  greater. 

The  maintenance  orderwiv0  enters  the  modem  through  transformer  T^. 

The  transformer  output  is  applied  directly  to  the  cable  through  a  series  resistor 
used  to  maintain  the  proper  audio  termination.  The  maintenance  orderwire  is 
passive  and  can  be  used  without  power  applied  to  the  GM, 

Receive  digital  orderwire  signals  from  the  CXI  1230  cable  enter  the  modem 
via  a  buffer.  The  analog  maintenance  orderwire  enters  the  modem  through  an 
audio  transformer. 
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Figure  10-6.  Conditioned  Diphase 
Orderwire  Circuits 


The  incoming  cable  signal  is  passed  through  a  low  pass  filter  that  separates 
the  composite  digital  orderwire  and  diphase  traffic.  The  filter  output  is  fed  to 
two  buffers.  One  buffer  drives  a  positive  and  negative  peak  detector.  The  out¬ 
puts  of  these  peak  detectors  is  summed  in  a  resistive  adder  and  the  mean  voltage 
is  used  as  the  digital  data  slicing  level.  The  other  buffer  drives  the  data  slicer. 

The  sliced  data  output  is  fed  into  a  data  transition  detector.  A  phase  lock 
loop  is  used  to  extract  timing  from  the  data  transitions. 

The  output  of  the  pulse  lock  loop  is  shaped  by  a  clock  shaper.  The  regen¬ 
erated  data  is  fed  into  a  telemetry  recognition  circuit.  The  telemetry  recogni¬ 
tion  circuit  performs  the  function  of  separating  the  multiplexed  Vinson  and 
telemetry  data.  The  recognition  technique  makes  use  of  the  fact  that  in  an 
error  free  environment  the  telemetry  signal  contains  no  more  than  two  ones  or 
two  zeros  in  a  row.  The  separation  is  performed  as  follows:  The  data  bit 
sampled  is  assumed  to  be  telemetry.  The  time  slot  is  continually  examined  for 
8  logic  l's  or  8  logic  0's  in  a  row.  If  either  of  the  above  tests  is  successful,  the 
channel  is  recognized  as  being  Vinson  (see  Figure  10-8). 


START 


Figure  10-8.  Telemetry  Recognition  Logic 
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The  telemetry  data  is  regenerated  in  the  telemetry  decoder  circuit.  Two 
ones  in  a  row  in  the  telemetry  data  stream  denotes  a  low  to  high  logic  transition. 
Two  zeros  in  a  row  denotes  a  high  to  low  logic  transition.  The  regenerated 
telem  try  data  along  with  its  associated  clock  are  put  out  on  the  equipment  side 
balanced  NRZ  interface. 

The  Vinson  data  is  retimed  with  the  16  kHz  clock  and  both  clock  and  data 
are  put  out  on  the  equipment  side  on  balanced  NRZ  interfaces. 

10.  3.  3  THE  DIPULSE  MODEM 

Figure  10-9  is  a  block  diagram  of  the  dipulse  modem.  A  simplified  block 
diagram  of  the  Cable  Orderwire  is  included  to  show  how  it  connects  to  the  Dipulse 
modem.  Balanced  NRZ  data  and  timing  inputs  are  connected  via  shielded  twisted 
pair  to  separate  line  receivers  Ul.  The  TTL  outputs  of  U1  go  to  switch  U2  which 
selects  either  local  data  and  timing  (the  NORMAL  condition)  or  the  received  data 
and  timing  from  the  remote  TD-754  multiplexer  (the  LOOP  BACK  condition).  U2 
is  shown  as  a  DPDT  mechanical  switch  which  is  functionally  the  same  as  the  actual 
TTL  logic  gates  in  U2,  but  is  easier  to  follow  when  describing  the  circuit. 

Timing  signals  go  to  an  Auto-Phase  circuit  U3,  4  where  they  are  compared  with 
timing  from  a  remote  TD-754  (when  S2  is  in  the  RCD  position)  and  the  proper 
phase  is  automatically  selected  for  retiming  the  data  to  the  remote  clock.  When 
S2  is  in  the  LOCAL  position,  local  timing  is  unaffected  by  the  Auto-Phase  circuit. 
Data  is  retimed  in  U7  and  then  processed  in  a  Dummy  Pattern  Insert  Circuit  Ull. 
The  various  rates  required  for  dummy  pattern  insert  and  binary-to- dipulse  con¬ 
version  are  derived  from  the  input  timing  in  a  phase  locked  oscillator  and  counter 
circuit  comprising  U5,  6,  8,  9  and  10.  Switch  S5  sets  selector  U10  to  the  input 
rate.  This  circuit  supplies  rates  of  4608,  2304,  1  152,  576,  and  288  kHz. 

The  Dummy  Pattern  Insert  circuit  (see  Figure  10-10)  interleaves  a  288  kHz 
pattern  with  288  and  576  kb/s  data  to  meet  the  requirements  of  the  TD-754  multi¬ 
plexer  to  which  the  modem  is  connected.  This  insert  circuit  is  active  only  at  the 
288  and  576  kb/s  data  rates.  The  1152  and  2304  kb/s  data  pass  through  unchanged. 
The  processed  signal  that  appears  at  the  output  of  Ull  is  converted  to  2304  kb/s 
dipulse  in  converter  U12.  A  driver  amplifier  Q4,  5,6  buffers  the  converter  from 
the  low  impedance  cable,  and  LI,  C19  differentiate  the  outp  square  waves  to 
get  the  desired  dipulse  waveshape  on  the  cable.  A  building-out  network 
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Figure  10-9.  Dipulse  Modem 
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(Figure  10-11)  compensates  for  various  lengths  of  cable.  Switch  S3  sets  the 
network  to  simulate  CX-11230  cable  in  increments  of  1/4  mile  up  to  one  mile. 

Incoming  Dipulse  signals  from  a  remote  TD-754  (or  TD-206  restorer) 
through  a  mile  of  CX-  11230  cable  are  processed  in  the  receive  circuits  compris¬ 
ing  U14  through  U25.  A  building-out  network  identical  to  that  used  in  the  trans¬ 
mitter  assures  that  the  input  signal  level  and  shape  is  always  the  same  as  that 
received  through  one  mile  of  cable  even  though  the  actual  cable  length  may  be 
less.  An  equalizer-preamplifier  U14  compensates  for  distortion  of  the  signal 
caused  by  the  attenuation  versus  frequency  characteristic  of  the  cable  and 
amplifies  the  signal  to  a  level  suitable  for  reshaping  in  the  slicer  U15,  16. 

Timing  is  recovered  from  the  data  by  means  of  narrowband  crystal  filter 
Yl,  Q8  that  is  tuned  to  the  2304  kHz  diphase  rate.  U17  converts  the  sinewave 
output  of  the  filter  to  TTL  logic  levels  to  drive  counter  U18  and  Dipulse-to-Binary 
Converter  U20A.  Rate  switch  S5  sets  multiplexer  U19  to  select  the  original  data 
rate  from  outputs  of  counter  U18.  A  "D"  flip-flop  U20A  converts  the  reshaped 
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Figure  10-11.  Building-Out  Network  for  Dipuise  Modem 
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dipulse  output  from  the  slicer  U15,  16  to  binary  data  at  TTL  logic  levels  for  pro¬ 
cessing  in  a  Delete  Dummy  Pattern  circuit  comprising  U19  through  U25.  This 
circuit  examines  the  incoming  signal  to  determine  the  presence  and  location  of 
a  dummy  pattern  that  is  interleaved  with  the  data  by  the  remote  TD-754  when 
only  one  12  channel  PCM  input  is  present.  This  occurs  only  at  the  576  and 
288  kb/s  rates,  and  the  delete  circuit  is  active  only  at  these  rates.  The  circuit 
then  removes  the  interleaved  dummy  and  restores  the  original  binary  data  which 
is  then  retimed  in  U25B.  Dual  line  driver  U26  converts  the  TTL  data  and  timing 
to  balanced  NRZ  to  interface  with  the  shelter  equipment. 

Built-in  test  facilities  provide  monitoring  of  all  input  and  output  signals, 
both  data  and  timing.  A  detector  in  the  phase  locked  loop  disables  the  dipulse 
output  should  an  out- of- lock  condition  occur.  All  monitored  points  report  to  a 
separate  BITE  module  in  the  Group  Modem  where  the  various  samples  are 
checked  for  activity.  Lack  of  activity  at  any  input  will  cause  the  BITE  module 
to  light  LED  CR9  on  the  Dipulse  Modem.  Failure  of  output  activity  will  similarly 
cause  CR8  to  light.  An  interlock  connection  to  the  companion  orderwire  card 
will  also  cause  a  module  fault  alarm  should  this  card  be  missing  or  be  plugged 
into  the  wrong  slot.  Switch  SI,  which  controls  logic  switch  U2,  permits  loop-back 
of  the  received  data  and  timing  to  the  ori'  mating  remote  TD-754  for  system  tests. 

A  separate  NRZ  output  for  the  rece  /ed  timing  provides  BLACK  station 
clock  through  line  driver  U27. 

The  orderwire  card  must  be  used  wit.  the  Dipulse  card  to  provide  loop- 
back  of  the  dc  cable  current  (required  when  TD-206  restorers  are  used)  and 
analog  voice  communication  on  the  cable.  The  same  orderwire  card  is  used  with 
the  Bipolar  Modem,  which  requires  a  different  value  of  loading  coil  inductance. 

A  tapped  loading  coil  is  used  for  this  purpose  and  the  interconnections  with  the 
Dipulse  and  Bipolar  modems  (shown  in  Figure  10-9  and  later  in  this  Section 
figure  10-15)  are  arranged  to  automatically  select  the  proper  loading  coil  induct¬ 
ance. 

The  Dummy  Pattern  Delete  Circuit 

The  Dipulse  modem  must  remove  the  dummy  pattern  that  is  interleaved  with 
the  data  in  the  TD-754  multiplexer  at  the  576  and  288  kb/s  rates.  Th.  data  formats 
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for  the  four  dipulse  rates  is  shown  on  Figure  10-12.  The  dummy  pattern  delete 
circuit  (Figure  10-13)  is  essentially  the  same  as  that  used  in  the  TD-754. 

Figure  10-14  shows  the  timing  of  some  of  the  signals  for  a  data  rate  of  576  kb/s. 

Referring  to  Figures  10-13  and  10-14,  the  received  reshaped  dipulse  input 
(A)  and  recovered  2304  kHz  clock  (B)  are  applied  to  a  Dipulse-to-Binary  conver¬ 
ter,  D  flip-flop  U20A,  which  recovers  the  interleaved  data  and  dummy  (C).  The 
problem  is  to  remove  the  dummy  pattern  from  (C)  so  that  the  original  binary 
data  appears  at  (E).  This  is  accomplished  by  applying  a  576  kHz  square  wave 
of  phase  shown  by  (D)  on  Figure  10-14,  to  the  clock  input  of  U20B,  whose  Q  out¬ 
put  will  be  the  original  data  (E^  on  Figure  10-14).  If  the  positions  of  the  data 
and  dummy  in  the  interleaved  signal  are  reversed,  then  it  is  necessary  to  reverse 
the  polarity  of  (D)  to  recover  the  data.  The  function  of  the  remainder  of  the 
dummy  pattern  delete  circuit  (U21  through  U24)  is  to  decide  which  part  of  the 
interleaved  pattern  at  (C)  is  dummy  and  which  part  is  data,  and  then  apply  the 
proper  phase  of  (D)  to  U20B  to  recover  data  and  delete  the  dummy.  This  is  done 
as  follows;  The  manually  operated  rate  switch  S5  is  set  to  the  data  rate;  576  in 
this  example.  Signals  are  switched  by  an  integrated  circuit  multiplexer  U19 
controlled  by  S5.  U19  is  shown  as  a  selector  switch  to  simplify  the  diagram. 

Functionally  it  is  the  same  as  the  multiplexer.  The  output  of  U19A  retimes  the 
recovered  data  (E)  in  U25B.  U19B  selects  the  output  (D)  of  exclusive  OR  gate 
U21A  which  passes  the  576  kHz  output  of  binary  counter  U18  unchanged,  or  re¬ 
verses  its  polarity  depending  on  the  state  of  the  second  input,  pin  10  of  U2  1 . 

If  pin  10  is  low,  (D)  is  not  inverted,  and  the  clock  input  to  U20B  will  appear  as 
(D)  on  Figure  10-14  and  the  output  (E)  will  be  the  original  data  (EjO.  If  pin  10 
is  high,  (D)  is  inverted,  and  the  U20B  clock  input  will  appear  as  shown  at  (D) 
on  Figure  10-14.  In  this  case,  the  output  (E)  will  be  the  dummy  pattern  (E-g^. 

The  circuit  must  decide  which  polarity  of  (D)  is  required  to  recover  data 
and  not  the  dummy  pattern.  The  procedure  is  as  follows:  D  (or  D  depending  on 
whether  U21A  is  inverting  or  not)  is  divided  by  2  in  U22A.  The  output  will  be 
288  kHz  or  288  kHz  shifted  90°  in  phase  (F^  or  F  g  on  Figure  10-14).  Signal  F 
clocks  U22B  on  alternate  bits.  If  these  alternate  bits  are  data,  there  will  be 
activity  at  (G)  and  retriggerable  one-shot  U24's  Q  output  will  switch  low  and  stay 
there,  leaving  the  state  of  flip-flop  U25  unchanged  to  maintain  the  condition  that 
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recovers  data.  If  the  polarity  of  D  is  not  correct  to  recover  data,  U22B  will 
be  clocked  on  alternate  dummy  pattern  bits.  The  dummy  pattern  is  a  288  kHz 
square  wave,  so  alternate  bits  will  be  either  all  ones  or  all  zeros  and  no  activity 
will  appear  at  G  and  hence  at  H.  One-shot  U24  will  re- set  itself  causing  its  Q 
output  to  go  high.  This  positive  transition  will  toggle  U24A  to  the  opposite  state 
which  causes  U21A  to  reverse  the  polarity  of  (D),  making  U20B  select  data  in¬ 
stead  of  dummy.  At  the  same  time  the  288  kHz  output  of  U22A  will  shift  90°  to 
clock  U22B  on  alternate  data  bits  instead  of  dummy,  causing  activity  at  (H)  which 
sets  the  Q  output  of  U24  low.  This  high  to  low  transition  has  no  effect  on  U25A, 
so  the  level  at  pin  10  of  U21A  does  not  change,  leaving  the  circuit  in  the  proper 
state  to  continue  recovering  data. 

The  purpose  of  U2  3  is  to  prevent  the  circuit  from  locking  itself  in  the 
dummy  recovery  mode  in  the  absence  of  data  (data  all  ones  or  all  zeros).  If  the 
period  of  all  ones  or  all  zeros  is  longer  than  the  holding  time  of  one-shot  U24, 

U24  will  change  state  causing  (J)  to  go  high  which  enables  Gate  U23  to  pass  (F) 
to  U21B  so  that  activity  will  appear  at  (H)  and  U24  Q  output  will  switch  low  again. 

If  data  inactivity  persists,  the  circuit  will  cycle  at  a  rate  determined  by  the 
holding  time  of  U24  until  data  is  restored. 

10.3.4  THE  BIPOLAR  MODEM 

Referring  to  Figure  10-15,  balanced  NRZ  data  and  timing  are  converted  to 
TTL  levels  in  dual  line  receiver  Ul.  Both  signals  pass  through  logic  switch  U2 
to  a  Binary-to-Bipolar  Cable  Driver  circuit  U3,  U4,  Ql,  Q2,  and  Q3.  A  cable 
building-out  network  (Figure  10-16)  that  can  be  set  with  switch  S2  to  simulate  0,  1/4 
or  1/2  mile  of  cable  is  used  to  obtain  a  fixed  signal  level  and  waveshape  at  the  re¬ 
mote  TD-976  multiplexer  (or  TD-982  restorer)  through  1/4  or  1/2  mile  of  cable. 

The  zero  miles  building-out  network  permits  operation  when  the  TD-976  is  con¬ 
nected  locally  through  very  short  cables. 

Received  Bipolar  signals  pass  through  an  identical  building-out  network  to 
an  equalizer /preamplifier  U6  that  compensates  for  the  distortion  of  waveshape 
caused  by  the  cable,  and  increases  the  signal  to  the  level  required  by  the  slicer- 
rectifier  U7,8  (see  Figure  10-17).  The  output  of  the  slicer- rectifier  drives  a 
timing  recovery  circuit  and  a  Bipolar-to-Binary  converter  U10A.  Timing  re¬ 
covery  is  accomplished  with  a  narrowband  crystal  filter  in  the  same  manner  as 
in  the  Dipulse  Modem.  The  timing  output  of  U9A  and  rectified  bipolar  output  of 
U8  drive  D  flip-flop  U10A  which  converts  the  bipolar  signal  to  binary  at  TTL 
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Figure  10-16.  Building-Out  Network  for  Bipolar 
Modem  (Transmit  and  Receive) 

levels.  Dual  line  driver  Ull  provides  balanced  NRZ  data  and  timing  to  the 
shelter  equipment.  The  received  data  and  timing  can  be  looped  back  to  the 
originating  TD-976  equipment  through  logic  switch  TJ2  by  placing  control  switch 
SI  in  the  loop-back  position, 

BITE  and  the  analog  orderwire  are  handled  in  the  same  manner  as  in  the 
Dipulse  modem. 
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10.  3.  5  THE  CABLE  ORDERWIRE  MODULE 

The  block  diagram  of  the  Orderwire  module  is  shown  on  the  diagrams  of 
the  Dipulse  and  Bipolar  Modems,  Figures  10-9  and  10-15,  This  unit  provides 
a  balanced  600  ohm  4-wire  interface  to  the  shelter  voice  circuits.  On  the  cable 
side  it  provides  half  loading  inductances  and  880  ohm  resistive  loads  to  properly 
terminate  each  cable.  High  voltage  blocking  capacitors  separate  the  voice  signals 
from  the  dc  cable  supply  voltage,  and  a  DC  Loop-Back  circuit  (Figure  10-18) 
passes  the  cable  supply  current  while  presenting  a  high  impedance  to  the  voice 
and  signaling  frequencies.  A  BITE  interlock  jumper  completes  the  output  BITE 
circuit  on  the  companion  modem  so  that  a  missing  orderwire  card  will  cause  an 
alarm.  The  gain  of  the  transmit  amplifier  is  fixed  to  provide  the  required  drive 
level  at  the  cable  input  to  satisfy  both  the  TD-754  and  the  TD-976  multiplexers. 
The  receive  amplifier  employs  automatic  gain  control  that  gives  a  fixed  output 
test  tone  level  of  -4  dBm  for  an  input  voltage  range  from  16  volts  to  0.08  volt 
RMS. 


Figure  10-18.  Cable  Current  Loop-Back 

10.3.6  BITE  (BUILT-IN  TEST  EQUIPMENT) 

Various  points  within  each  GM  are  monitored  for  proper  operation,  such 
l  as  activity  detection  on  inputs  and  outputs,  phase  locked  loop  in-lock  monitors, 

etc.  These  points  enable  fault  isolation  to  a  single  PC  board.  An  LED  indica¬ 
tion  is  provided  on  each  panel  for  fault  isolation. 

10.3.7  EMI 

The  equipment  side  signal  lines  into  and  out  of  this  device  are  balanced. 

This  interface  relies  on  balance  a:,  its  primary  means  of  EMI  suppression.  The 
external  cables  connected  here  are  shielded  twisted  pairs,  such  as  RG-108,  so 
a  high  degree  of  suppression  can  be  maintained.  There  is  a  wide  range  of  bit 
rates  on  these  lines,  from  72  to  4195.2  Kb/s,  and  waveshaping  suitable  for  the 
highest  ra^e  would  be  ineffective  at  the  lowest.  There  are  auxiliary  signals  for 
^  orderwire  and  telemetry  that  are  also  balanced.  These  vs  ill  use  waveshaping  and 
be  carried  externally  in  multipair  cable.  The  full  duplex  telemetry  channel  has 
a  rate  of  2  kb/s.  The  digital  orderwire  has  a  rate  of  16  kb/s.  There  is  a  station 
clock  line  which  will  be  balanced  for  tempest  reasons  and  a  floating  alarm  line  which 
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appears  as  a  balanced  line.  All  the  above  equipment  side  signals  are  digital  and 

2 

have  the  basic  (a'x/x)  spectral  shape.  There  is  also  an  analog  orderwire  of 

nominal  bandwidth  of  4  kHz  and  a  balanced  four  wire  line  with  a  test  tone  level 

2=  -  2 

of  -4  dBm.  The  diphase  signal  has  a  (sin  X/X)  shape.  The  PCM  signal  is 
2  2 

(sinx/x)  ,  the  dipulse  is  (sinx/x,  through  a  high  pass  filter.  The  bipolar  signal 
2 

is  (six/x)  (1-cos  4x). 

The  power  line  has  a  single  EMI  filter  ,  pecified  for  dc,  50  Hz,  and 
400  Hz  making  it  larger  than  a  conventional  filter,  but  smaller  than  two  filters. 
The  power  line  filter  has  an  integral  power  line  connector  which  gives  far 
better  filter  performance  as  installed  on  the  unit  and  saves  additional  space. 

10.3.8  HFE 

The  Group  Modem  design  incorporates  the  requirements  of  MIL-STD- 
1472  to  the  maximum  extent  possible,  consistent  with  operational  requirements 
and  physical  design  limitations  imposed  by  . -B  1 -2202-0013  performance  spe¬ 
cification. 

The  initial  setup  controls  required  to  configure  the  equipment  to  system 
requirements  are  incorporated  onto  the  exposed  edge  of  the  PCB's.  These 
controls  are  protected  by  the  front  panel  ''over.  The  unit  BITE  control  and 
alarm  are  positioned  for  rapid  recognition  and  ease  of  identification.  This  unit 
has  rear  mounted  connectors  which  require  sequential  connect/disconnect 
during  installation/removal  due  to  size  and  space  limitations.  The  GM  front 
and  rear  panel  layouts  are  shown  in  Figure  10-19  and  10-20. 

Unit  weights  imposed  by  the  specifications  are  within  the  requirements  of 
MIL-STD-  1472. 
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10.3.9  RELIABILITY  DESIGN 

The  Group  Modem  case  has  a  specified  MTBF  of  6000  hours.  Up  to  six 
Group  Modems  can  be  installed  in  the  Group  Modem  case,  in  any  desired  com 
binatior.  of  the  three  types  of  Group  Modems:  Conditioned  Diphase,  Dipulse, 
Bipolar.  Table  10-3  shows  the  predicted  failure  rate  for  each  type  of  Group 
Modem,  and  the  worst  combination  Group  Modem  case. 

The  failure  rate  data  source  used  in  the  reliability  prediction  was  MIL- 
HDBK-2  1 7B,  dated  20  September  1974.  The  environment  was  ground,  fixed; 
the  outside  ambient  temperature  was  40°C.  The  IC  junction  temperature  (Tj) 
was  calculated  based  on  the  power  dissipation.  The  quality  level  for  IC's  was 
B-l,  i.e.;  MIL-STD-883,  Method  5004,  Class  B. 


TABLE  10-3 
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SECTION  11 
CDM 

11.  1  DESIGN  GOALS  AND  REQUIREMENTS 

The  CDM  design  approach  outlined  in  paragraphs  11.2  and  11.3  meets  all 
the  system  performance  goals  of  the  DGM  Specification  TT-B1-2202-0013.  \s 
discussed  in  paragraph  2.2,  the  key  to  meeting  the  system  function  requirements 
is  time  division  multiplexing  of  the  2.0  kb/s  telemetry  an  .  16  kb/s  VINSON  sig¬ 
nals. 

This  approach  offers  the  least  design  risk  and  is  the  only  feasible  approach 
capable  of  meeting  the  full  64  km  range  requirements  of  the  low  speed  system. 
Specific  functional  requirements  are  listed  in  Table  11-1. 

On  the  equipment  side,  the  CDM  can  interface  directly  with  an  LGM,  TED,  ' 
TCM,  another  CDM,  MGM,  Group  Modem,  or  radio  equipment.  On  the  line 
s^e,  the  CDM  interfaces  through  CX-  11230  with  another  CDM  for  distances  less 
than  the  PR  spacing  or  with  the  appropriate  PR  for  greater  distances.  Restorer 
power  is  provided  on  the  same  cable. 

Other  required  interfaces  to  the  CDM  are:  (1)  external  ac  and  dc  power; 

(2)  external  clock;  (3)  maintenance  orderwire;  (4)  VINSON;  and  (5)  tele¬ 
metry  at  2  kb/s  and  BLACK  station  clock. 

11.2  CDM  DESIGN  APPROACH 

Figure  11-1  illustrates  the  formats  of  both  CDM  units.  Circuit  block 
diagrams  are  shown  in  Figures  11-2  through  11-5.  Both  units  are  identical 
on  a  functional  basis,  comprising  six  printed  circuit  cards  and  plug-in  power 
supply.  Three  panels,  orderwire  transmit,  orderwire  receive,  telemetry, 
and  the  power  supply  are  common.  Other  features  are: 

a.  Synchronous  transmission  of  all  input  group  rates 

b.  Digital  transmission  of  16  VINSON  data  and  2.0  kb/s  telemetry, 
providing  full  64  km  range 
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TABLE  11-1 


CDM  FUNCTIONAL  REQUIREMENTS 


Group  Rates 

LS  0.072  to  2.048  Mb/s 

HS  4.096  to  18.720  Mb/s 

Equipment  Side 

Balanced  NRZ  and  timing 

Interface 

Line  Side  Interface 

Unbalanced  conditioned  diphase,  2  Vpp  into 

62  ohms 

LS  rate  2.304  mb/s,  HS  rate  19.200  mb/s 

LS  range  0-64  km  CX  11230  (1.6  km  repeater  spacing) 
HS  range  0-8  km  CX  11230  (0.4  km  repeater  spacing) 
Power  Feed  -  constant  current 

Orderwire 

16  kb/s  digital  (VINSON) 

BITE 

.Locates  equipment  faults  to  single  replaceable 

subassembly 

Telemetry  Transmission 

2  kb/s  telemetry  subchannel,  balanced  NRZ  and 

timing 

Black  Station  Clock 

72  to  2048  kHz  (LS  CDM)  balanced  4.  096  and 

4.608  MHz  (HS  CDM)  balanced 

Timing  Options 

From  internal  received  group. 

From  related  clock. 

Timing  maintenance  for  0.5  seconds 

MTBF 

6000  hours 

Power 

115  Vac  +10%,  50  to  400  Hz  or  22  to  32  Vdc,  150 

Watts  maximum 

Size 

8-1/2  H  x  12  D  x  19-inch  W,  Rack  Mount 

Weight 

15  kg  maximum 
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Figure  11-1. 


CDM  Block  Diagram  and  Formats 
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Figure  11-2.  LS  CDM  Transmit  Circuits 
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Figure  11-3.  HS  CDM  Transmit  Circuits 
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Figure  11-4.  LS  CDM  Receive  Circuits 
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c.  All  data  timings  derived  from  received  diphase  signals,  there¬ 
fore  not  dependent  on  actual  data  content 

d.  Digital  storage  timing  maintenance  circuit  to  meet  0.  5  second 
outage  requirements 

The  keys  to  meeting  all  system  requirements  are:  (1)  the  multiplexed 
wideband  transmission  of  all  input  digital  data  signals  and  (2)  a  1.  7  kHz  main¬ 
tenance  orderwire. 

Within  the  fixed  line  rate,  the  ratio  of  overhead  and  traffic  data  is  adjusted 
to  provide  a  data  transmission  rate  harmonically  related  to  the  input  rate.  For 
the  I,S  CDM  specified  input  group  rates,  three  formats  are  required.  In  all 
formats,  the  six  bit  frame  code,  16  kb/s  VINSON  data,  2.0  kb/s  telemetry 
comprise  eight  bits  of  the  overhead.  The  overhead  frame  rate  is  always 
32  kHz. 

For  repeatered  systems,  the  bandwidth  of  the  LSCDM  maintenance  order- 
wire  channel  is  300  to  1700  Hz.  For  the  HSCDM  the  bandwidth  is  300  to  3400  Hz. 

The  three  HS  CDM  formats  are  also  similar.  However,  for  the  4.096 
mb/s  input,  additional  fill  bits  are  required.  The  required  effective  trans¬ 
mission  rate  is  obtained  by  filling  every  third  bit  in  the  24  data  bit  format. 
Formatting  of  the  overhead  provides  the  six  bit  frame,  two  32  kb/s  channels, 
and  the  required  fill  for  a  32  kHz  frame  rate. 

The  CDM  power  supply  provides  the  +  12  volt  and  5  volt  dc  voltages  re¬ 
quired  for  internal  operation.  Additionally,  a  constant  current  source  supplies 
power  for  the  repeatered  cable  system.  Two  output  currents  are  available  to 
allow  the  use  of  a  common  power  supply  for  both  cable  systems.  Facilities 
are  provided  for  locating  faulty  PRs  in  the  cable  system. 

11.2.1  CDM  TRANSMIT  CIRCUITS 

The  CDM  transmit  circuits  consist  of  two  PCBs,  Traffic  Transmit  and 
Orderwire  Transmit. 


i 
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Figure  11-2  illustrates  the  LS  CDM  transmit  circuit  design  which  imple¬ 
ments  the  formats.  The  basic  4.  608  MHz  clock  required  by  the  unit 
is  generated  with  a  PLL  fr'jm  either  the  Elastic  Store  Occupancy  or  2.  304  MHz 
received  group  timing.  The  clock  format  generator  provides  a  2.  304  MHz  timing 
signal  with  gaps,  with  effective  bit  rates  of  2.  048  or  1.  5  36  or  1.  152  MHz.  From 
these  three  rates  a  divide-by-2  counter  (M  is  selected  according  to  the  rate) 
generates  a  timing  signal  at  a  frequency  equal  to  the  input  rate. 

An  eight  bit  elastic  store  accommodates  the  gaps  in  the  unit  timing  and 
provides  an  automatic  phase  function  for  the  input  signals.  The  data  read  out 
of  the  elastic  store  is  then  multiplexed  with  the  overhead  data.  The  overhead 
data  is  generated  from  a  0.256,  or  0.  768  or  1.  152  MHz  clock  (depending  on 
the  format)  from  the  clock  format  generator.  A  programmable  counter  provides 
32  kHz  timing  signals  used  to  generate  the  16  kHz  VINSON  and  2.0  kHz  clocks 
used  for  reading  in  the  input  data.  Signals  from  this  counter  are  used  to  multi¬ 
plex  the  overhead  data  signals. 

Althougn  the  16  kb/s  VINSON  signal  is  asynchronous,  it  has  been  synch¬ 
ronized  in  an  external  buffer.  Two  automatic  phase  circuits  are  provideu, 
one  for  the  synchronous  16  kb/s  VINSON  and  one  for  the  synchronous  2.0  kb/s 
telemetry  data.  This  avoids  sampling  the  incoming  data  during  a  transition. 

The  two  data  signals  and  frame  are  multiplexed  together  and  then  multiplexed 
with  the  elastic  store  data.  The  frame  code  and  its  inverse  are  alternately  trans¬ 
mitted  to  provide  a  16  kHz  reference,  to  be  used  by  the  Receive  boards  for  timing 
maintenance  resynchronization. 


The  composite  2.  304  mb/s  data  signal  is  converted  to  diphase  and  applied  to 
the  CX-11230  cable  with  the  cable  current  and  analog  orderwire.  Switch  attenuators 
provide  cable  building  out  in  400M  increments  to  allow  the  use  of  shortened  cable 
systems  or  loopback  operation. 


The  maintenance  orderwire  signal  is  amplified  and  applied  to  the  cable 
through  a  low  pass  filter  and  half-loading  coil  section.  This  provides  filtering 

T 

‘  and  proper  impedance  match  required  in  a  loaded  cable  system.  Included  in  the 
orderwire  circuits  is  a  1600  Hz  ring  generator.  This  gives  the  operator  ring 
capability. 
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The  HS  CDM  transmit  circuits  are  shown  in  Figure  11-3.  Functionally 
they  are  equivalent  to  the  LS  CDM  circuits  basically  differing  in  clock  rates 
and  counter  moduli.  This  approach  enables  use  of  a  common  transmit  order - 
wire  module. 

11.2.2  CDM  RECEIVE  CIRCUITS 

Figure  11-4  illustrates  the  LS  CDM  receive  circuits.  Three  PCBs,  Traffic 
Receive  A'and  B  and  Orderwire  Receive  perform  the  receive  functions.  Low  pass 
filtering  separates  the  maintenance  voice  signal  from  the  digital  data.  A  high 
pass  filter  provides  the  digital  data  to  the  preamp  and  equalizer  circuits.  The 
building  out  network  allows  the  use  of  shortened  cable  lengths  or  loopback  opera¬ 
tion.  Pulses  generated  from  the  equalized  data  signal  zero  crossings  provide  the 
4.  608  MHz  spectral  line  necessary  for  clock  recovery  by  4.  608  MHz  crystal  fil¬ 
ter.  The  line  data  is  then  regenerated  and  converted  back  to  NRZ  binary  with  the 
recovered  timing  signal.  The  clock  format  generator  generates  the  clock  signals 
required  for  demultiplexing  the  digital  data.  These  circuits  are  similar  to  the 
transmit  circuits  except  for  the  clock  delete  circuits.  This  allows  for  examining 
all  data  bit  positions  to  locate  the  frame  codes  within  the  overhead  channel. 

The  demultiplexed  family  rate  group  data  and  associated  clock  are  applied 
to  the  elastic  store  readin  circuits  on  Receive  B  boards.  Also  applied  to  the 
elastic  store  is  a  16  kHz  signal  derived  from  the  alternate  frame  code.  Essen¬ 
tially  this  enables  the  frame  signal  to  synchronize  the  reference  clock  for  the 
timing  maintenance  PLL.  A  36.  864  MHz  (and  also  37.44  MHz  in  the  HSCDM) 
TCYCXO  and  programmable  counters  provide  all  the  family  rates  for  the  elastic 
stole  read-out.  The  PLL  uses  an  A/D  converter  to  provide  a  quantized  control 
voltage  to  thu  TCVCXO.  When  an  outage  is  sensed,  the  A/D  circuit  is  inhibited 
maintaining  the  TCVCXO  control  voltage  (and  frequency)  for  the  outage  duration. 
After  the  outage,  the  outage  detector  provides  a  slight  delay  re-enabling  these 
circuits  to  allow  for  frame-in. 

Programmable  counters  remove  the  redundancy  from  the  data  read-out  of 
the  elastic  store  and  provide  the  related  square  wave  timing  signal. 
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The  receive  orderwire  digital  circuits  provide  the  frame  detector  and  pro¬ 
grammable  counters  for  demultiplexing  the  2.  0  kb/s  telemetry  and  16  kb/s 
VINSON  signals.  The  inverted  frame  word  is  detected  and  generates  a  16  kHz 
timing  pulse  which  the  Receive  Traffic  boards  \  se  to  resynchronize  their  elastic 
stores  after  a  timing  outage. 

The  maintenance  orderwire  is  terminated  and  separated  from  the  composite 
cable  signal  and  applied  to  the  audio  preamplifier.  An  AGC  loop  provides  the  cor¬ 
rect  headset  level.  Also  a  1600  Hz  ring  detector  generates  the  CALL,  alarm  when¬ 
ever  the  1600  Hz  ring  signal  is  detected. 

Figure  11-5  illustrates  the  HS  CDM  receive  circuits.  Again,  except  for 
rates  and  counter  moduli  the  digital  circuits  ars  functionally  equivalent  to  the 
LS  CDM  receive  circuits.  The  most  significant  difference  is  in  the  group  timing 
recovery  circuits.  Here,  circuit  speed  limitations  make  it  impossible  to  generate 
one  clock  rate  from  which  all  group  timing  can  be  derived  directly.  However, 
with  two  TCVCXO's  and  programmable  counters,  the  group  rates  are  synthesized 
from  the  input  diphase  signal.  Therefore,  these  group  clocks  are  also  independent 
of  the  group  data  content. 

The  ox-derwire  circuits  are  identical,  except  for  counter  moduli  to  the 
LS  CDM.  Therefore,  one  common  design  is  used. 

11.2.3  BITE  AND  TELEMETRY  CIRCUITS 

The  CDM  Bite  board  supplies  S,  SA  and  LS  alarm  indications  to  external 
equipment,  and  in  addition  v, ill  activate  fault  LED's  on  each  card,  LED  on  the 
bite  board  for  loss  of  cable  signal,  and  a  summary  fault  lamp  on  the  front  panel. 

The  PR  fault  location  approach  utilizes  the  techniques  developed  by  Raytheon 
in  the  TD754-TD-206  cable  systems.  PR  operation  is  monitored  by  detecting  the 
output  signal  to  the  cable.  If  a  normal  output  is  present,  the  PR  is  assumed  good 
and  in  electronic  switch  shorts  a  resistor,  connected  in  series  with  the  power 

feed,  With  no  output,  the  failed  restorer  and  all  subsequent  restorers  in  the 
system  switch  in  their  fault  locating  resistors  increasing  the  cable  voltage. 
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However,  direct  measurement  of  this  voltage  is  not  accurate  enough  to  determine 
the  faulty  restorer.  Instead  a  resistance  substitution  technique  and  null  meter  < 

are  used.  v 

When  a  restorer  fault  is  suspected,  the  CDM  operator  inhibits  transmission 
of  cable  traffic.  This  inserts  all  PR  resistors  in  series  with  the  cable  current. 

A  null  meter,  connected  at  a  high  impedance  tap  and  variable  current  sink, 
obtains  a  measure  of  this  cable  voltage.  Traffic  is  resumed,  and  all  PR's  before 
the  failed  unit  short  out  their  series  resistor.  Since  transmission  is  conditioned 
diphase,  no  special  dummy  pattern  is  required  to  guarantee  sufficient  activity. 
Resistors  are  then  switched  in  to  return  the  cable  voltage  to  the  initial  measured 
value.  When  the  null  is  obtained,  the  number  of  good  PR's  before  the  fault  can 
be  determined.  The  resistance  is  switched  in  unit  and  decade  increments  giving 
the  operator  a  direct  reading.  Since  the  voltage  is  built  back  to  the  original  V 

value  and  null  technique  is  used,  the  accuracy  of  this  method  is  independent  of 
current  regulation  and  metering  errors.  This  approach  has  been  proven  ac¬ 
curate  to  +1  restorer  in  the  TD754-TD206  40  mile  system.  ^ 

11.2,4  CDM  POWER  SUPPLY 

See  Section  14,  , 


( 
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11.2.5  EMI 

The  line  side  of  the  CDM  connects  ultimately  to  CX- 11230  cable  which 
terminates  on  the  shelter  wall.  This  is  a  coaxial  cable  with  very  light  shielding 
and  the  overall  shield  has  very  little  EMI  suppression.  In  order  to  keep  this 
cable  from  radiating  harmonics  of  the  diphase  and  to  reduce  susceptibility  to 
cable  pick-up,  it  is  advisable  to  add  additional  LP  filtering  at  the  input 
and  output.  This  still  gives  acceptable  system  performance  because  this  unit 
must  deal  with  the  frequency  sensitive  loss  in  the  cable,  and  the  additional 
waveshaping  required  for  EMI  suppression  is  less  serious  than  this. 

The  equipment  side  signal  lines  into  and  out  of  this  device  are  balanced. 

ihis  balance  is  the  primary  means  of  EMI  suppression.  The  external  cables 

connected  here  are  shielded  twisted  part,  such  as  RG-108,  so  a  high  degree 

of  suppression  can  be  maintained.  There  is  a  wide  range  of  bit  rates  on  these 

lines,  from  72  to  2048  kb/s  (LS  CDM)  and  4.096  to  18.720  mb/s  (HS  CDM),  and 

waveshaping  suitable  for  the  highest  rate  would  be  ineffective  at  the  lowest. 

There  are  auxiliary  signals  for  orderwire  and  telemetry  that  are  also  balanced. 

These  use  waveshaping  and  are  carried  externally  in  multipair  cable.  The  full 

duplex  telemetry  channel  has  a  rate  of  2  Kb/s.  The  VINSON  orderwire  has  a 

rate  of  16  Kb/s.  Most  equipment  side  signals  are  digital  and  have  the  basix 
2 

(sinx/x)  spectral  shape.  There  is  also  a  maintenance  orderwire  of  nominal 

bandwidth  of  1.  7  KHz  and  a  balanced  four  wire  line  with  a  test  ton®’  level  of 

2  2 

-4  dBm.  The  diphase  cable  signal  is  (sin  x/x)  . 

The  power  line  has  a  single  EMI  filter  specified  for  dc,  60  Hz,  and  400 
Hz  making  it  larger  than  a  conventional  filter,  but  smaller  han  two  filters. 

The  power  line  filter  has  an  integral  power  line  connector  whi  h  gives  far 
better  filter  performance  when  installed  on  the  unit  and  saves  additional  space. 


11-13 


RAYTHEON 


RAYTHEON  COMPANY 

equipment  division 

11.2.6  RELIABILITY  DESIGN 

The  CDM's  have  a  specified  MTBF  of  6000  hours.  This  is  equivalent  to 
166  failures  in  10^  hours.  The  reliability  predictions  and  demonstrated  results 
are  summarized  in  Table  11-2. 


TABLE  11-2 
CDM  RELIABILITY 


Specified 

Predicted 

Demonstrated 

Unit 

MTBF  (Hrs) 

MTBF  (Hrs) 

MTBF  (Hrs) 

HSCDM 

6000 

12, 732 

20, 000 

LSCDM 

6000 

12,241 

6,  800 

11.3  CDM  DETAIL  DESIGN 
11.  J.  1  TRANSMIT  CIRCUITS 

Much  of  the  CDM  block  diagram  functions  are  implemented  easily  with 
available  integrated  circuits.  Areas  which  required  special  design  parameters 
or  unique  implementation  include: 

a.  Phase  locked  loop  circuitry 

b.  Elastic  stores 

c.  VINSON  auto  phase 

d.  Telemetry  auto  phase 
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11.3.1.1  Phase  Locked  Loops 

Two  phase  locked  loop  (PLL)  designs  are  required  for  the  CDM  transmit 
circuits,  a  4.608  MHz  for  the  LS  CDM  and  a  38.4  MHz  for  the  HS  CDM.  All 
timing  signals  required  by  the  transmit  circuits  are  then  derived  from  these 
clocks.  Specific  design  constraints  imposed  on  the  PLL  are  the  dc  loop  gain, 
bandwidth  and  lock  in  range. 

For  the  LS  CDM  the  input  can  be  either  the  Elastic  Store  Occupancy  or  the 
received  group  timing  at  2.  304  MHz.  The  latter  requires  a  divider  of  two  to 
give  a  2.  304  MHz  reference  for  the  PLL. 

For  the  HS  CDM  the  input  can  be  related  timing  from  the  input  elastic  store 
or  received  group  timing.  To  avoid  frn  modulation  of  the  38.4  MHz  timing,  the 
PLL  bandwidth  should  be  less  than  the  lowest  rate  into  the  phase  detector.  This 
is  512  kHz. 

The  elimination  of  the  station  clock  timing  option  has  made  the  PLL  design 
relatively  uncritical,  since  the  necessity  for  high  division  ratios  is  eliminated 
and  with  it  the  chance  of  elastic  store  overflow.  A_t360  degree  phase  detector  is 
used, 

11.3.1.2  Elastic  Stores 

The  elastic  store  is  used  in  the  CDM  to  provide  two  functions,  to  provide  an 

automatic  phase  circuit  for  the  synchronous  data  inputs  and  to  accommodate  the 

timing  gaps  generated  by  the  clock  format  circuits.  Figure  11-6  illustrates  the 

effective  timing  signals  generated  by  these  circuits.  As  shown,  pulses  are 

deleted  to  generate  the  basic  group  and  overhead  rates.  The  exact  group  rates 

M 

are  then  generated  by  the  +2'  counter  circuits.  For  the  worst  cases,  the  timing 
gaps  produce  an  elastic  store  occupancy  excursion  approaching  one  bit. 

For  the  automatic  phase  circuit  the  elastic  store  occupancy  can  only  be  set 
with  an  uncertainty  of  one  bit.  Also  the  initial  setting  of  the  store  can  occur  at 
any  portion  of  the  normal  excursion  of  the  elastic  store  occupancy.  Figure  i  1  - 7 
illustrates  the  worst  case  elastic  store  occupancies  around  the  setting  threshold. 
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Figure  11-6.  Clock  Format  Generator  Waveforms 
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Figure  11-7.  Worst  Case  Elastic  Store  Occupan  ies 


The  worst  case  above  the  threshold  occurs  when  the  store  threshold  is  set  just 
after  a  readout  would  have  occurred.  Therefore  the  store  occupancy  increases 
by  approximately  one  bit  before  a  readout  can  occur.  Additionally,  if  a  gap  is 
present  at  this  time,  there  is  no  readout  and  the  elastic  store  gains  another 
bit  occupancy.  The  readout  then  starts  and  gives  the  normal  "sawtooth"  occup¬ 
ancy  curve.  Since  the  clocks  are  all  synchronized,  the  occupancy  curve  never 
varies. 

For  the  worst  case  below  the  threshold,  assume  a  readout  occurs  immedia¬ 
tely  after  the  threshold  is  reached.  Additionally,  if  the  readout  gap  had  just  oc¬ 
curred,  the  store  will  continue  to  deplete  one  bit.  The  readout  gap  then  brings 
the  occupancy  back  to  the  threshold.  As  before,  the  occupancy  path  normally 
never  varies.  Therefore  the  store  size  must  be  greater  than  three  bits.  A  4-bit 
store  is  possible  but  requires  a  setting  threshold  of  1.5  bits  to  center  the  toler¬ 
ance.  Additionally,  limit  thresholds  are  required  to  reset  the  store  if  the  limits 
are  ever  reached.  As  stated  this  normally  never  happens.  However,  there  are 
events  such  as  loss  of  BCI  which  could  cause  occupancy  shifts  in  the  store. 
Because  of  this  and  for  ease  of  implementation,  the  minimum  store  size  is  six 
bits.  For  the  LS  CDM,  use  of  a  9338  multiport  register  makes  an  eight  bit 
elastic  store  an  attractive  design  approach,  though  the  device  is  too  slow  for  the 
HS  CDM. 
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Another  demand  is  placed  on  the  High  Speed  elastic  store  by  the  MGM,  In¬ 
stead  of  having  a  fixed-frequency  output  clock,  it  switches  between  two  clocks 
offset  high  and  low  of  the  nominal  rate.  Tandeming  of  MGM's  in  a  system  can 
lead  to  lengthened  dwells  on  the  high  or  low  clock,  with  a  resulting  filling  or  de¬ 
pletion  of  the  HS  CDM  elastic  store.  The  HS  CDM  phase -locked  loop  cannot  track 
the.  deviations  since  its  range  is  limited  for  the  timing  maintenance  feature.  To 
accommodate  this  an  SSI  eight -bit  elastic  store  is  used,  which  system  analysis 
shows  to  be  adequate.  With  the  received  group  clock  option,  auto  phase  operation 
is  as  follows. 

Initially  with  power  turn-on  or  with  nc  signal  the  activity  detector  output  is 
at  a  zero  maintaining  U13-B  cleared  and  U9  loaded  to  "3".  When  the  detector 
goes  to  a  logic  "1",  U13-B  is  enabled.  U13-A  already  has  Q=1  so  when  counter 
Ull  makes  the  transition  from  state  7  to  0;  U13-B  is  clocked  to  a  "1"  and  counter 
9  starts  up  in  state  3.  Thus  initially  the  read  and  write  states  of  the  elastic  store 
are  well  offset. 

U5  detects  states  6  and  7;  and  after  a  flip-flop  delay  this  becomes  states  7 
and  0  on  the  write  side.  This  creates  a  guard  zone  of  two  bits,  for  if  the  readout 
transition  7  to  9  falls  within  the  zone,  U13-B  is  clocked  low  and  reinitializes  TJ9 
as  above. 

1 1 .  3.  i .  3  VINSON  Auto  Phase 

The  VINSON  Auto  Phase  circuit  is  similar  to  the  telemetry  auto  phase  cir¬ 
cuit  discussed  in  paragraph  11.3.1,4. 

11.3.1.4  2.0  kb/s  Telemetry  Auto-Phase  Circuit 

Figure  11-9  illustrates  the  design  approach  for  the  2.0  kb/s  telemetry  data 
automatic  phase  circuit.  Since  this  data  is  transmitted  redundantly  at  32  kb/s, 

16  phases  of  2,0  kHz  are  possible  for  sampling  the  incoming  data.  The  sampled 
data  is  then  simply  gate  sampled  by  the  32  kHz  pulse  assigned  to  the  telemetry 
data  slot.  This  signal  is  then  multiplexed  with  the  other  overhead  data. 

The  VINSON  and  telemetry  auto  phase  circuits  have  a  basic  similarity.  The 
32  kHz  frame  clock  is  divided  down  to  the  proper  sampling  rate,  16  and  2  kHz 
respectively,  and  gating  is  used  to  create  a  sampling  clock  and  a  guard  zone 
around  it.  Meanwhile  a  transition  detector  puts  out  pulses  at  the  edges  of  the  data 
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bits;  if  one  of  these  pulses  enters  the  guard  zone  the  divider  is  reset  and  the 
sampling  point  shifted  by  one-half  bit.  Only  the  telemetry  auto  phase  will  be 
described  in  detail. 

The  32  kHz  frame  clock  is  divided  by  16  in  U4;  its  carry  output  Tc  selects 
the  positive-going  edge  of  the  next  frame  clock  to  sample  the  data  in  U10-A  at  a 
2  kHz  rate.  This  positive -going  clock  edge  falls  in  the  center  of  the  Tc  pulse. 

Two  kilobit  data  enters  a  two  stage  shift  register  U3,  where  it  is  clocked  through 
at  approximately  500  kHz  by  the  transition  clock.  At  a  data  transition  the  input 
and  output  of  the  shift  register  will  differ  for  about  a  microsecond,  creating  a 
transition  pulse  at  the  output  of  exclusive -OR  U2.  This  clocks  U10-B;  if  the 
clocking  occurs  during  the  T£  carry  pulse,  (which  acts  as  a  guard  zone  around 
the  data  sampling  clock)  counter  U4  is  reinitialized  to  move  the  sampling  point 
half  a  bit. 

11.3.2  RECEIVE  CIRCUITS 

The  following  areas  of  the  CDM  receive  circuitry  are  discussed: 

a.  Cable  input  circuits  and  regenerator 

b.  Trimming  maintenance  circuits 

c.  Framing  circuits 

d.  Group  demultiplexing  and  timing  recovery 

11.3.2.1  Cable  Input  and  Regenerator 

The  design  approach  for  the  CDM  cable  input  circuits  and  regenerator  is 
virtually  similar  to  their  counterparts  in  the  PR's,  These  circuits  are  discussed 
in  detail  in  paragraph  12.  3.  The  additions  to  the  pulse  restorer  circuitry  are: 
a  cable  input  activity  detector  for  BITE  purposes,  a  diphase-binary  converter 
using  a  shift  register  with  gating,  and  an  outage  detector  for  timing  maintenance 
using  one-shots. 

11.3.2.2  Timing  Maintenance  Circuit 

The  Timing  Maintenance  approach  (A/D  converter)  uses  an  elastic  store 
controlled  PLL.  The  phase  reference  is  derived  from  the  16  kHz  alternate  frame 
clock.  This  allows  the  use  of  less  critical  VCXO's  to  meet  the  500  ms  outage 
requirement. 

With  the  use  of  Figure  11-10,  the  A/D  approach  can  be  analyzed  to  determine 
the  outage  performance.  As  shown  the  total  phase  detector  range  is  $  and  the 
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Figure  11-10.  Timing  Maintenance  PLL  Considerations 

control  voltage  is  quantized  to  N  steps.  The  coder  range  corresponds  to  a  phase 
range  of  3  radians.  In  normal  operation  it  is  assumed  that  the  required  control 
voltage  varies  by  only  one  step.  In  effect,  the  actual  frequency  is  derived  by  time 
averaging  of  two  very  close  frequencies.  The  worst  case  occurs  when  the  VCO  is 
just  marginally  below  the  maximum  offset.  Additionally  it  is  assumed  that  the 
outage  occurs  when  the  last  sample  was  one  step  below  the  actual  limit  frequency. 

The  frequency  error  of  one  step  is  then: 


^£f  =  pull  range  of  VCO 

and  the  phase  error  (0  )  is 

*  =  (21 

e  N 

the  total  phase  drift  allowable  before  the  phase  detector  range  is  exceeded,  thus 
causing  a  loss  of  BCI  is: 
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to  calculate  the  worst  case  outage  time  (TWC)  before  a  loss  of  BCI 

§-0 

TWC  x  0e  =  (4) 

solving  for  TWC 

TWC  =  eW  (}-6»  <5> 

During  an  outage  the  timing  output  from  the  data  regenerator  dies  out  and  the 
phase  detector  cannot  have  a  frequency  memory.  Therefore  a  +_tt  type  (set-reset) 
flip-flop  is  the  best  choice.  For  this  detector,  with  an  8  bit  elastic  store  and 
0=0.4$,  the  worst  case  timing  outage  allowable  is: 


twcl= 


(LS  CDM) 


I'vSl 


Fcr  a  6  bit  elastic  store  and  9=0.  4$ 

twch=  (HS  CDM)  (7) 

With  a  maximum  elastic  store  rate  of  2.  048  MHz  and  a  +20  ppm  pull  in  range 
VCXO,  the  worst  case  outage  for  the  LS  CDM  is: 

TWCL=  20^048  =  7-47sec  <8> 

With  a  maximum  elastic  store  rate  of  18.  72  MHz  and  a  jt20  ppm  pull  in  range 
VCXO,  the  worst  case  outage  for  the  HS  CDM  is: 

™CH=  20'M  72  =  0.  6‘  3  sec.  (9) 

Therefore  the  8  bit  A/D  converter  approach  (6  bits  in  the  HSCDM)  with  +20  ppm 
pull  in  range  VCXO's  meets  the  system  requirements. 

11.3.  2.  3  Framing  Circuits 

The  CDM  format  all  utilize  a  six  bit  frame  code  multiplexed  in  the  overhead 
data.  To  acquire  frame,  six  bits  (at  the  frame  rate)  are  searched  to  determine  if 
the  code  or  its  inverse  is  present.  For  all  rates  and  formats,  the  frame  is 
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generated  at  the  32  kHz  rate.  If  the  six  bits  do  not  correspond  to  the  frame  code, 
a  skip  pulse  is  generated  and  six  other  bits  are  checked. 

To  determine  if  the  true  frame  has  been  found,  7  tests  are  required.  For 
the  six  bit  frame  and  its  inverse,  the  simulation  probability  of  1/32.  The  simula¬ 
tion  probability  for  consecutive  tests  is  (1/32)"^.  As  can  be  seen,  the  false  frame 
probability  is  quite  small.  A  threshold  of  n  =  5  correct  frame  codes  out  of  seven 
is  required  to  stay  in  frame.  For  the  LS  CDM  a  maximum  of  72  frame  locations 
must  be  searched  during  frame-in,  while  for  the  HS  CDM  600  frame  locations  are 
the  maximum.  This  gives  maximum  average  frame  in  times  of  2.4  ms  and  19.  1  ms 
for  the  LS  CDM  and  HS  CDM,  respectively.  Note  that  the  CDM  framing  is  not 
dependent  on  failures  or  degraded  performance  of  the  radio. 

The  frame  code  for  the  CDM  is  110010. 

11.  3 .  2.4  Group  Demultiplexing  and  Timing  Recovery 

Once  frame  is  established,  the  positions  of  all  data  bits  are  known  and  the 
digital  signals  are  readily  demultiplexed  using  conventional  digital  techniques. 
However  in  the  LS  CDM  for  the  2.048  kHz  and  1536  kHz  family  rates  the  demulti¬ 
plexed  signals  are  period  distorted.  This  effect  is  worse  for  the  2048  kHz  and 
1536  kHz  group  rates,  where  the  distortion  is  almost  one  bit.  Therefore  the 
signals  must  be  buffered. 

The  problem  is  similar  in  the  HS  CDM  except  all  family  rates  have  distorted 
data  bits.  Worst  case  is  for  the  18.  720  Mb/s  group  pate. 

Buffering  of  the  demultiplexed  data  is  accomplished  with  an  8  bit  (LS  CDM) 
or  6  bit  (HS  CDM)  elastic  store  and  a  PLL  utilizing  the  store  occupancy  to  derive 
"smoothed"  timing.  The  PLL  bandwidths  are  low  enough  to  eliminate  effects  of 
the  input  period  distortion.  Since  store  occupancy  controls  the  PLL,  no  overflow 
reset  is  required.  There  is  a  16  kHz  reset  pulse  synchronized  with  reception  of 
an  inverted  frame  code,  which  re-establishes  the  input  address  waveform  to  the 
elastic  store  after  a  timing  outage. 

1  1.  3.  3  HFE 

The  CDM  design  incorporates  the  requirements  of  M1L-STD-1472  to  the 
maximum  extent  possible,  consistent  with  operational  requirements  and  physical 
design  limitations  imposed  by  TT-BI -2202-001  3  Performance  specification. 
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Initial  setup  controls  required  to  configure  the  equipment  to  system  require¬ 
ments  will  be  incorporated  onto  the  accessible  edge  of  the  PCB's,  with  the  excep¬ 
tion  of  the  building  out  DIP-switch,  which  is  mounted  on  the  PC  beard.  These 
controls  are  protected  by  the  front  panel  cover.  The  unit  BITE  control  and 
alarm  are  positioned  for  rapid  recognition  and  ease  of  identification. 

Connectors  are  located  on  the  rear  of  the  case  and  are  positioned  to 
ensure  maximum  accessibility.  The  front  panel  layouts  of  the  HS  CDM  and  LS  CDM 
are  shown  in  Figures  11-11  and  11-12.  The  rear  panel  layouts  are  identical  and 
is  shown  in  Figure  11-13. 

Unit  weights  imposed  by  the  specifications  are  within  the  requirements  of 
MIL-STD-1472. 
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SECTION  12 
PULSE  RESTORERS 

i2.  1  DESIGN  GOALS  AND  REQUIREMENTS 

Two  types  of  pulse  restorers  were  developed  on  the  DGM  program,  a 
low  speed  pulse  restorer  (LSPR)  and  the  high  speed  restorer  (HSPR).  These 
units,  used  with  the  LS  CDM  or  HS  CDM  respectively,  provide  extended  range 
repeatered  cable  systems.  Both  units  provide  identical  functions  for  the  DGM 
systems.  They  are: 

a.  Regenerate  and  retime  the  conditioned  diphase  data  signal 

(2  Mb/s  and  19  Mb/s  rates  for  the  LSPR  and  HSPR,  respectively). 

b.  Passively  pass  300  to  1700  Hz  maintenance  orderwire  signal  and 
provide  loading  coil  to  minimize  cable  loss. 

c.  Provide  COU  access  to  the  maintenance  orderwire. 

d.  Provide  means  for  location  of  faulty  restorer  at  the  CDM, 

Specific  design  parameters  and  requirements  are: 

a.  Spacing  1.6  km  (1  mile)  low  speed 

0.4  km  (1/4  mile)  high  speed 

b.  Maximum  system  length 

64  km  (40  mile)  low  speed 
8  km  (5  mile)  high  speed 

c.  Cable  type  CX- 11230 

d.  Signal  characteristics 

DATA,  low  speed  conditioned  diphase,  2,304  Mb/s, 

2  VPP  into  620 

DATA,  high  speed  conditioned  diphase,  19.200  Mb/s, 

1.  5  VPP  into  620 
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e.  Cable  power  LS  40  mA  at  750  Vdc  max 

HS  80  mA  at  350  Vdc  max 

f.  Maintenance  orderwire  access  to  COU 

g.  MTBF  -  50,  000  hrs  minimum 
12.2  PR  DESIGN  APPROACH 

Figures  12-1  and  12-2  illustrate  the  block  diagram  design  approach  of  the 
LSPR  and  HSPR  respectively.  As  shown,  the  designs  are  similar.  The  high 
speed  system  has  1/4  mile  repeater  spacing  and  a  five  mile  length.  Figure  12-3 
illustrates  the  loaded  cable  characteristics  for  the  high  speed  system. 

In  the  LSPR,  the  composite  cable  signal  from  a  one  mile  section  of  CX-11230 
is  separated  into  two  paths;  diphase  data,  and  maintenance  orderwire  and  cable 
current.  Separation  is  accomplished  with  passive  filters. 

A  high  pass  filter  separates  the  diphase  data  and  applies  the  resultant  sig¬ 
nal  to  the  EQUALIZER  preamp.  The  high  pass  cutoff  frequency  is  30  kHz.  This 
does  not  degrade  the  diphase  "eye"  opening  appreciably  and  was  chosen  to  provide 
the  necessary  isolation  between  the  maintenance  orderwire  and  diphase  data  sig¬ 
nals.  Figure  12-4  illustrates  the  effect  of  high  pass  filtering  on  the  diphase  "eye" 
opening.  Note  the  good  experimental  agreement  with  computer  models. 

The  EQUALIZER  preamp  provides  approximately  35  dB  of  gain  and  the  re¬ 
quired  frequency  response  to  compensate  for  one  mile  of  CX-11230  cable.  With 
excessive  high  pass  filtering,  one  equalizer  design  for  maximum  eye  opening  and 
minimum  zero  crossing  jitter  is  not  possible.  Reduced  eye  closure  worsens  the 
signal  to  noise  performance  while  zero  crossing  jitter  introduces  "pattern"  sensi¬ 
tivity  in  ti.e  recovered  timing  signal.  A  severe  example  would  occur  if  all  diphase 
"IV  or  ’0"  were  transmitted  for  an  appreciable  time,  followed  by  complimentary 
or  normal  random  data.  Here  the  sample  timing  would  be  initially  displaced  from 
the  optimum  at  the  start  of  the  random  data.  With  the  smaller  "eye"  created  by 
high  pass  filtering  this  would  increase  the  noise  susceptibility  and  possible  cause 
data  errors.  Unfortunately,  the  above  data  patterns  are  typical  during  other 
DGM  equipment  frame -in  routines. 
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Two  design  approaches  are  available,  a  compromise  equalization  or  sepa¬ 
rate  equalization  for  the  data  and  timing  recovery.  Obviously,  the  latter  is  more 
complex  and  with  the  severe  size,  power,  weight  restrictions  in  the  restorer,  the 
compromise  equalization  is  preferred.  Compromise  equalization  is  feasible  and 
has  worked  well  with  severe  data  patterns.  This  approach  was  chosen. 

After  equalization,  the  recovered  timing  at  twice  the  data  rate  samples  the 
equalized  data  signal  to  regenerate  the  conditioned  diphase  signal.  This  is  applied 
to  a  cable  driver  which  supplies,  through  another  high  pass  filter,  the  diphase 
data  to  the  CX- 11230  cable.  The  transmit  high  pass  filter  is  required  to  enable 
recombining  the  diphase  data  with  the  other  cable  signals. 

A  second  signal  path  passes  the  cable  current  and  maintenance  orderwire 
signals.  A  low  pass  filter  provides  this  separation.  The  restorer  dc  voltages 
are  derived  from  the  cable  current  with  zener  diodes.  The  HSPR  and  LSPR 
design  wil1  use  +5  and  -5V.  The  maintenance  orderwire  signal  effectively  bypas¬ 
ses  the  supply  due  to  the  low  zener  impedance  and  filter  capacitors.  The  dc 
current  flows  through  the  FAULT  LOCATE  circuit.  Basically,  this  is  a  resistor 
shunted  by  a  transistor  switch.  If  the  diphase  data  output  is  not  present,  the 
switch  opens  imerting  an  additional  series  resistance  in  the  cable  current  path. 

By  using  a  resistor  substitution  technique  and  traffic  interrupt  routing,  the  source 
CDM  can  locate  the  faulty  restorer  to  +1  mile  over  the  full  40  mile  span.  Again 
the  maintenance  orderwire  bypasses  this  circuit.  Since  this  approach  requires 
all  restorers  to  lose  traffic  after  the  faulty  one,  it  is  imperative  that  no  data  be 
regenerated  from  noise  by  the  data  circuits.  This  will  be  accomplished  by  pro¬ 
viding  slicing  thresholds  in  the  timing  recovery  circuits. 

The  loading  coil  passes  the  dc  cable  current  and  provides  an  inductance  to 
artifically  increase  the  characteristic  impedance  of  t>  e  line  at  the  maintenance 
orderwire  frequencies.  For  this  system,  the  line  impedance  is  raised  to  430 
ohms  giving  a  300  to  1700  Hz  flat  pass  band  with  a  loss  of  approximately  1.0  dB/ 
mile.  The  maintenance  orderwire  and  cable  current  signals  are  then  recombined 
(through  a  low  pass  filter)  with  the  other  cable  signals. 
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The  HSPR  design  approach  is  similar  except  relatively  less  high  pass  filter¬ 
ing  is  required  to  maintain  adequate  isolation  between  the  data  and  orderwire 
signals.  Therefore,  normal  equalization  does  give  good  eye  openings  and  zero 
crossings.  Conceptually  the  timing  is  recovered  and  data  regenerated  and  applied 
to  the  cable  as  in  the  LSPR. 

The  maintenance  orderwire  and  cable  current  are  separated  with  a  low  pass 
filter  and  processed  by  circuitry  similar  to  the  LSPR.  The  power  supply  voltages 
are  +5  and  -5V.  The  diphase  data  controls  the  transistor  switch  in  the  FAULT 
LOCATE  circuits.  Again  threshold  circuits  are  required  in  the  timing  recovery 
circuits  to  insure  that  no  output  is  present  with  no  input  signal.  The  loading 
coil  now  selected  to  provide  the  same  loaded  line  impedance  as  in  the  LS 
system,  with  1/4  mile  spacing  provides  somewhat  less  attenuation  and  a  3400 
Hz  orderwire  band.  These  signals  are  then  recombined  with  a  low  pass  filter. 

12.2.1  EMI 


The  restorer  data  output  has  additional  low  pass  filtering  (similar  to 
the  CDM)  to  reduce  harmonic  radiation  and  susceptibility  to  cable  pickup  (see 
paragraph  11.2.5).  Filters  are  incorporated  on  the  orderwire  connector  sig¬ 
nals  for  EMI  suppression. 

12.2.2  RELIABILITY  DESIGN 

The  PR  has  a  specified  MTBF  of  50,  000  hours.  This  is  equivalent  to  20 
failures  in  10  hours.  The  reliability  predictions  and  demonstrated  results  are 
summarized  in  Table  12-2, 


TABLE  12-2 


PR  RELIABILITY 


Unit 

Specified 
MTBF  (Hrs) 

Predicted 
MTBF  (Hrs) 

Demonstrated 
MTBF  (Hrs) 

HSPR 

50,  000 

157, 978 

130, 000 

LSPR 

50, 000 

1 -16,  413 

1 30, 000 

1^.3  DESIGN  DETAILS 

12.  o.  1  HIGH  PASS  FILTER  AND  EQUALIZER  PREAMP 


Figures  12-5  a  and  b  show  the  high  pass  filter  input  and  equalizer 
hner  design  for  the  PR's.  Basically  the  preamplifier  must  equalize  the 


preamp- 
cable  losses 
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Figure  12-5.  High  Pass  Filter  ana  Fqualizer  Preamp  Circuitry  Design 
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for  one  mile  of  CX- 11230  in  the  LSPR  and  1/4  mile  CX- 11230  in  the  HSPR  (Figure 
12-6).  New  measurements  indicated  near  end  crosstalk  (NEXT)  is  a  less  serious 
factor  in  the  high  speed  system  than  originally  thought.  The  length  differences 
and  rate  differences  combine  so  that  the  overall  response  required  to  equalize  is 
similar  in  both  PR's  except  for  the  actual  break  frequencies.  However,  the  high 
speed  case  generally  requires  more  care  and  lower  impedance  levels. 


3.2  KM 


Figure  12-6.  Cable  Attenuation  and  Crosstalk  (F  in  MHz) 

To  insure  that  the  3-pole  Butterworth  high  pass  filters  (Cl,  C2,  LI)  give 
the  desired  response,  the  input  impedance  at  T1  matches  the  cable  impedance 
and  provides  a  relatively  constant  resistance  over  the  frequency  band  of  interest 
(approximately  0.  13  times  the  bit  rate  to  the  bit  rate).  This  is  provided  by  trans¬ 
former  T1  and  R1  as  the  loading  of  amplifier  stage.  Transistors  Q1  and  Q2  com¬ 
prise  a  cascade  amplifier  stage.  This  circuit  has  had  all  the  advantages  of  a 
common  emitter  stage  and  gives  a  good  isolation  of  output  to  input.  This  allows 
large  stage  gains  without  "Miller"  multiplication  of  the  transistor  collector  to 
base  capacitance.  Although  not  critical  in  the  LSPR,  this  is  important  in  the 
high  speed  design.  Also,  there  may  be  advantages  in  an  eventual  hybrid  design 
if  the  configurations  are  similar. 
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The  first  breakpoint  is  determined  by  the  R2,  C3  combination.  Breakpoint 
frequencies  are  450  kHz  and  4.6  MHz  for  the  LSPR  and  HSPR,  respectively. 
Capacitor  C3  is  chosen  so  its  impedance  at  maximum  equalization  frequency  is 
greater  than  the  transistor  input  base  impedance  (h.^)*  This  provides  degenera¬ 
tion  and  offers  gain  stability.  The  second  breakpoint  is  determined  by  the  Q2 
collector  circuit  comprising  R4,  L2,  and  C4.  The  resonant  frequency  of  this 
combination  determines  the  maximum  frequency  equalized  (usually  slightly  above 
the  bit  rate)  while  the  effective  Q  determines  the  magnitude  of  the  gain  increase. 
Figure  12-7  shows  a  photo  of  the  equalized  signal  for  a  three  percent  cutoff  high 
pass  filter  with  the  circuit.  For  the  LSPR,  a  1.3  percent  filter  gives  better 
equalization  and  provides  adequate  data  and  orderwire  isolation.  The  HSPR  pre¬ 
amp  differs  from  the  LSPR  by  the  addition  of  CR1  in  the  base  circuit  of  Q2.  CR1 
is  added  to  stabilize  the  operating  point  of  Q2  over  temperature.  Q3  serves  as 
Buffer  Stage  to  prevent  loading  of  the  tuned  circuit  in  the  collector  of  Q2. 


Figure  12-7.  Eqi  ali?;ed  Eye,  3  Percent  High  Pass  Filter 


In  the  HSPR  the  equalizer  signal  will  be  shifted  to  MECL  levels  directly 
while  in  the  LSPR  the  slicer  provides  TTL  levels.  This  enables  the  use  of  a 
"D"  flip  flop  sampling  circuit  in  either  PR. 
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3  2.  3.  2  TIMING  RECOVERY  CIRCUITS 

The  timing  recovery  (see  Figures  12-8  a  and  b)  derived  from  the  received 
signal,  the  twice  bit  rate  clock  necessary  for  regeneration  of  the  diphase  data 
signal.  Since  the  normal  diphase  signal  contains  no  energy  at  this  rate,  a  non¬ 
linear  timing  recovery  technique  is  required.  The  preferred  approach  generates 
pulses  (0.  25  the  pulse  width  wide)  for  each  signal  zero  crossings.  This  provides 
the  maximum  timing  energy  and  the  least  sensitivity  to  the  actual  signal  amplitude. 
The  approach  is  basically  the  same  for  the  low  and  high  speed  model.  Pulses 
must  be  generated  from  the  sliced  data,  and  from  these  pulses  timing  are 
extracted.  The  pulses  are  produced  by  the  full  wave  rectifier  composed  cf  Tran¬ 
sistors  Q3  and  Q4.  The  Emitter-Base  junction  of  the  differentially  driven  tran¬ 
sistor  is  used  as  the  non-linear  element;  the  collectors  are  strapped  to  yield  the 
full  wave  rectification.  This  circuit  is  an  inefficient  rectifier  in  the  sense  that 
unless  the  input  signals  exceed  2  times  VBE  of  the  transistor,  there  is  no  output. 
This  provides  for  noise  immunity  to  prevent  timing  energy  from  being  recovered 
with  no  input  data. 

The  crystal  filter  timing  recovery  circuit  shown,  evolved  after  an  unsuc¬ 
cessful  attempt  was  made  to  use  an  LC  timing  recovery  network.  Important 
criteria  for  selection  of  the  timing  recovery  approach  are  frequency  stability 
and  bandwidth.  For  a  given  stability,  the  Q  should  be  selected  as  low  as  possible 
to  avoid  excessive  phase  shifts  of  the  sampler  clock.  However,  the  Q  must  be 
sufficient  to  avoid  excessive  AM  with  normal  data  signals.  For  conditioned  di¬ 
phase  loaded  Q's  of  20  are  adequate.  A  conservative  estimate  for  the  phase  shift 
due  to  drift  for  a  single  tuned  circuit  is  A0  =  where  A0  is  the  phase  shift  in 

fractions  of  a  bit,  D  is  fractional  drift  and  Q  is  the  loaded  Q  of  the  timing  filter. 
For  Q  =  20  and  D  =  _+0.  02  (_^2%)  A0  =  0.  1  bit.  Thi»  is  good,  although  with  the  de¬ 
graded  "Eye"  shown  in  Figure  12-7  it  does  give  a  2  dB  S/N  penalty.  Preliminary 
testing  showed,  however,  that  the  LC  circuit  had  a  jitter  which  would  be  too  much 
for  a  40  mile  system.  Tnerefore,  a  crystal  filter  approach  was  adopted. 

The  resultant  pulses  from  the  pulse  generator  are  fed  to  Yl,  Cl  in  the  LSPR 
and  LI,  L2  in  the  HSPR.  In  both  models  the  adjustment  of  Cl  is  necessary  to 
tune  out  the  stray  capacitance  of  the  crystal.  This  is  a  one  time  adjustment  made 
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at  the  factory.  The  output  of  the  crystal  is  followed  by  an  RLC  bandpass  filter 
(R2,  1,3,  C2)  to  provide  out  of  band  rejection  of  any  spurious  crystal  response 
as  well  as  lowering  the  Q  of  the  crystal  filler. 

In  order  that  the  recovered  clock  phase  be  aligned  with  the  optimum  sampling 
point  in  the  data  bit,  some  form  of  phase  adjustment  must  be  provided  to  compen¬ 
sate  for  component  delay  variations.  This  adjustable  phase  shift  is  provided  by 
Ul  (in  the  HSPR)  which  is  a  tapped  delay  line.  Q5  is  a  buffer  amplifier  providing 
gain  between  the  timing  recovery  filter  output  and  the  tapped  delay  line.  The 
delay  line  has  a  total  phase  shift  of  140  degrees  with  taps  every  14  degrees. 

In  the  LSPR  this  adjustment  is  made  at  the  tuned  amplifier  and  phase  shift  cir¬ 
cuit  composed  of  Q5,  L2,  R3,  and  C3.  This  circuit  has  worked  well  and 
provides  a  relatively  constant  output  over  the  adjustment  range. 

The  resultant  sine  wave  signal  is  ac  coupled  to  the  SCHMITT  Trigger  in 
both  repeaters  which  has  been  designed  to  provide  a  leading  edge  of  the  clock  at 
the  positive  going  zero  crossing.  This  minimizes  phase  shift  with  variation  in 
sine  wave  amplitude. 

12.3.3  CABLE  DRIVER  AND  HIGH  PASS  FILTER 

The  PR's  will  use  a  single  ended  driver  to  generate  the  diphase  signal  to 
the  cable  (Figure  12-9).  A  single  transistor  circuit  is  used  to  enable  easy  detec¬ 
tion  of  a  no  signal  condition  required  for  fault  location.  In  the  LSPR,  to  reduce 
the  supply  current  requirements,  the  output  switch  is  connected  across  both  supply 
voltages.  A  series  resistor  provides  short  circuit  protection  and  with  the  damping 
diode  (CR1)  provides  a  resistive  output  suitable  for  designing  the  high  pass  filters. 
However,  the  smaller  signal  gives  less  immunity  against  the  external  noise  threat. 
A  2  VPP  signal  will  be  used  in  the  LSPR  as  it  has  proved  to  be  acceptable  in  the 
TD-206  cable  system.  A  1.  5  VPP  signal  will  be  used  in  the  HSPR.  The  3-pole 
Butterworth  high  pass  filter  comprises  LI,  Cl  and  C2. 

In  the  HSPR,  the  MECL  flip  flop  draws  an  appreciable  amount  of  current 
from  the  -V  supply.  To  provide  efficient  utilization  of  the  power  available  from 
the  constant  current  supply,  it  is  best  to  balance  the  current  loads  on  both  supplies. 
Therefore,  the  cable  driver  is  supplied  from  the  +V  supply  alone.  Circuit 
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considerations  are  otherwise  identical  except  at  the  high  speed  rate,  storage 
time  of  the  transistor  switch  becomes  a  problem.  To  avoid  saturation,  a  hot 
carrier  diode  is  connected  across  the  collector  and  base  of  the  transistor  driver 
(Ql).  Except  for  the  circuit  values,  the  high  pass  filter  approach  is  identical 
with  the  LSPR. 


Other  considerations  of  the  driver  output  are  the  EMP  protection  circuits. 

Low  voltage  TRANSORBS  and  diodes  are  sufficient  for  this  purpose. 

12.  3.  4  DATA  REGENERATOR  CIRCUITS 

The  diphase  signal  is  regenerated  by  sampling  the  data  signal  "eye"  and 
storing  this  decision  until  the  next  "eye"  is  sampled.  This  requirement  is  best 
implemented  with  a  D  type  flip  flop.  No  discrete  version  of  this  circuit  function 
has  proved  to  be  size,  power,  or  cost  competitive  with  the  IC  versions.  There-  ^ 
fore,  the  LSPR  will  use  a  TTL  54LS74,  and  the  HSPR  will  use  an  MECL  MC  1222 
for  this  function. 


12.3.5  POWER  SUPPLY 

The  PR  power  supplies  are  derived  (with  regulator  diodes)  from  the  constant 
current  supplied  by  the  CDMS.  The  use  of  the  IC  flip  flop  dictates  a  +5V  supply 
in  the  LSPR  and  a  -5V  supply  in  the  HSPR. 


L 


Low  voltage  avalanche  diodes  (LVA)  will  be  used  rather  than  normal  zener 
diodes.  In  the  4  to  10V  range,  these  devices  exhibit  considerably  sharper  break¬ 
down  characteristics  than  zener  diodes,  giving  better  regulation  and  requiring 
less  current.  The  +5V  supplies  are  directly  derived  from  a  5.  IV  device.  LVA's 
have  been  successfully  used  in  the  recent  TD-206  redesign  program. 


Voltage  Current 

LSPR  +5.1,  -5.1  40  mA 

HSPR  +5.  1,  -5.  1  80  mA 

12.  3.  6  FAULT  LOCATION  CIRCUITS 

The  fault  location  circuits  use  peak  detector  to  monitor  the  diphase  output. 
This  detector  controls  the  transistor  switch,  shunt  resistor  combination  con¬ 
nected  in  series  with  the  cable  current.  As  signal  levels  are  relatively  low,  and 
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to  minimize  power  consumption,  hot  carrier  diodes  will  be  used  in  the  peak 
detector  circuits.  These  reduce  the  voltage  drive  requirements  of  the  detectors. 

12.  3.  7  LOADING  COILS 

As  stated  previously  (paragraph  12.  2)  loaning  coils  are  required  in  each 
restorer  to  provide  the  required  orderwire  passband  characteristics.  Inductance 
values  for  these  coils  are: 

LSPR  -  57.  0  mH 
HSPR  -  14.  8  mH 
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SECTION  13 
CABLE  ORDERWIRE  UNIT  (CCU) 

1 3.  1  DESIGN  GOALS  AND  REQUIREMENTS 

The  Cable  Orderwire  Unit  (COU)  provides  voice  communication  on  the 
high-speed  and  lew-speed  cable  systems  from  any  junction  or  Pulse  Restorer  (PR) 
to  the  Cable  Driver  Modems  (CDM’s)  at  each  terminal.  The  COU  permits 
measurements  to  be  made  to  determine  the  condition  of  the  PR  and  cable  system. 
These  measurements  include  the  cable  dc  supply  current  and  voltage,  the  level  of 
the  diphase  signals  into  and  out  of  the  PR,  and  the  internal  battery  voltage.  A 
4-wire  interface  with  the  GM,  RMC,  RLGM,  and  RLGMCD  is  also  provided. 

The  unit  is  simple,  reliable,  self  contained,  and  easy  to  use.  The  design 
features: 

a.  Uniform  battery  loading  so  that  both  batteries  are  replaced  at  the 
same  time 

b.  No  switching  of  the  through -coaxial  circuit,  to  avoid  discontin¬ 
uities  in  the  cable  system 

c.  AGC  in  the  voice  frequency  receive  amplifier 

d„  Push -to -talk  (PTT)  operation  of  the  orderwire  to  conserve  battery 
power  ami  eliminate  hybrid  circuits 

e.  A  combined  signaling  oscillator  and  detector 

f.  A  push-off  battery  switch  that  automatically  disconnects  the 
battery  when  the  cover  is  closed 

g.  Storage  space  for  the  headset  and  cables 
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1  3.  1 .  1  PERFORMANCE  GOALS 
Measurements 

a.  Internal  battery: 

b.  Cable  voltage: 

c.  Cable  current: 

d.  Diphase  signal  level 
(inpu*  to,  and  output 
from  restorer): 

e.  Meter  accuracy: 
Orderwire 

a.  Cable  impedance 
(loaded): 

b.  Transmit  level  (voice 
and  signaling)  on  each 
cable: 

c.  Receive  level: 

d.  Signaling  frequency: 

e.  Frequency  Response: 

13.1.2  DESIGN  APPROACH 


yellow  zone  on  meter  from  full  scale 
(18  V)  to  7Q7o  of  full  scale  (12.  6  V). 

meter  indicates  V;  1000  V  full  scale. 

meter  indicates  milliamperes;  100  mA 
full  scale. 

0.  02  V  p-p  input 
2.  0  V  p-p  output 

meter  indicates  mid -scale  ;+ 10%  of  full 
scale  for  acceptat’e  level  (green  zone). 

+  5%  @  +  25°C. 

430ft 

+  10  dBm 

-24  to  +26  dbm. 

1600  Hz  +32  Hz. 

+  3  dB,  300  to  1700  Hz. 


Figures  13-1  through  13-5  show  how  the  COU  is  used.  Access  to  the  order- 
wire  is  provided  at  any  PR  through  the  COU  orderwire  cable  as  shown  in  Figure 
13-1.  This  connection  can  be  made  without  disturbing  the  traffic  through  the  PR, 
but  no  metering  is  possible. 

The  COU  can  be  connected  at  a  cable  junction  as  shown  on  Figure  13-2. 
There  is  no  restorer  at  this  point  so  the  measured  signal  levels  will  not  be  the 
same  a3  at  a  PR  but  the  cable  supply  current  measurement  and  the  orderwire  are 
unaffected. 
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Figure  1  3 ~  1 .  Orderwire  Connection  to  an  Active  Restorer  (No  Metering) 
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Figure  13-2.  Connection  at  a  Cable  Junction  (Orderwire  and  Metering) 
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Figure  13-3.  Connection  to  West  Side  of  Restorer  (Orderwire  and  Metering) 
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Figure  13-4,  Connection  to  F,ast  Side  of  Restorer  (Orderwire  and  Metering) 
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Figures  13-3  and  13-4  show  the  connections  at  a  PR.  The  cable  circuit  must 
be  broken  to  make  this  connection,  which  normally  would  be  made  only  on  a  faulty 
system,  and  after  the  cable  power  supply  had  been  shut  off.  The  orderwire  and 
full  metering  facilities  are  available  to  check  the  condition  of  the  PR.  The  signal 
levels  to  and  from  the  PR  on  each  side  ("west"  and  "east")  are  measured  by  making 
the  connections  as  shown. 

The  COU  is  connected  to  the  GM,  RMC,  RLGM,  and  RLGMCD  through  a 
special  cable  as  shown  on  Figure  13-5. 

Figure  13-6  shows  the  front  panel  layout.. 

13.1.3  DESIGN  DESCRIPTION 

A  simplified  schematic  of  the  COU  is  shown  on  Figure  13-7.  In  this  example, 
the  COU  is  connected  to  the  "West"  side  of  the  PR.  Incoming  signals  from  the 
west  pass  through  J1  to  J6  which  connects  to  the  metering  printed  wiring  board 
(PWB).  High  frequency  diphase  signals  are  coupled  through  Cl  to  J2  where  they 
are  connected  to  the  Pulse  Restorer  via  a  jumper  cable.  The  dc  cable  current 
flows  through  rf  chokes  LI  through  L4  and  resistor  R4.  The  dc  voltage  developed 
across  R4  is  used  to  measure  the  cable  current  with  meter  Ml.  Resistors  R3, 

R4  and  R5  are  selected  for  a  full  scale  meter  readin;.'  of  100  mA,  so  that  the  value 
of  cable  current  (45  mA  for  the  low  speed  system  and  60  mA  ior  the  high  rpeed 
system)  is  read  directly.  Bypass  capacitors  C3  and  C4  keep  rf  out  of  the  meter 
circuit.  Resistors  R6  through  R9  provide  a  full  -'cale  voltage  reading  of  1000  volts 
on  the  meter.  R23  gives  a  ful1  scale  reading  c.f  18  V  for  monitoring  the  battery 
supply. 
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Figure  x  3 - 6 .  Front  Panel  Cable  Orderwire  Unit 

A  sample  of  the  high  frequency  diphase  signal  is  coupled  to  an  Incoming 
Signal  Detector  through  C2.  This  detector  consists  of  an  input  bandpass  filter,  a 
broadband  amplifier  and  a  rectifier.  A  normal  input  signal  produces  a  read¬ 
ing  in  the  "green  zone"  on  the  meter. 

Low  frequency  signals  pass  through  chokes  LI  and  L2  to  a  high  voltage  block 
ing  capacitor  C17  and  a  relay  Kl.  When  K1  is  in  the  receive/ standby  position 
(de-energized,  as  shown)  the  low  frequency  signals  are  connected  to  the  Receive 
Amplifier  U2A  via  R22. 

The  Receive  Amplifier  includes  automatic  gain  control  to  compensate  for 
wide  variations  in  input  level.  The  Receive  Amplifier  drives  the  earphone  in  the 
H-182/PT  headset,  and  its  output  is  also  connected  to  a  Signaling  Detector  U2B, 

U3  and  Q7  through  contacts  on  relay  K2.  The  signaling  detector  responds  to  a 
1600  Hz  signaling  tone  (but  not  to  voice)  to  energize  a  buzzer  DS-1. 

To  transmit  a  signaling  tone,  the  operator  presses  4he  RING  switch  S2  on 
the  front  panel.  This  energizes  relay  K2  to  switch  the  U3  circuit  from  detector 
to  oscillator,  the  output  of  which  goes  to  Transmit  Amplifier  Ul,  Q1  through  Q4. 
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Figure  13-7.  Cable  Orderwire  Unit 
Simplified  Schematic 
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S2  also  energizes  relay  K1  to  transfer  the  cable  circuit  from  the  receive  Ampli¬ 
fier  to  the  Transmit  Amplifier  which  drives  both  cables  simultaneously  in  both 
directions. 

When  talking  on  the  orderwire,  the  operator  pushes  the  Push-to-Talk  (P'T’T) 
switch  on  the  H-182/PT  headset.  This  energizes  K1  and  the  carbon  microphone 
to  provide  talking  power  and  to  transfer  the  cables  to  the  Transmitter  Amplifier 
output.  Sidetone  is  provided  through  R24. 

The  outgoing  cable  from  the  PR  is  connected  to  the  COU  circuits  in  a  manner 
similar  to  the  incoming  cable.  High  frequency  outgoing  signals  pass  through  Cll. 
Cl 2  couples  a  sample  of  these  signals  to  the  Outgoing  Signal  Detector  CR7,  CR8 
which  performs  the  same  functions  as  the  Incoming  Signal  Detector  except  that  no 
amplification  is  needed.  L6  and  L7  pass  dc  and  low  frequency  signals  to  the 
metering  circuits  and  orderwire. 

13.  1.  4  DETAILED  DESIGN  DESCRIPTION 

Referring  to  Figure  13-8  (the  Metering  Card  Schematic),  the  incoming  Di¬ 
phase  Signal  Detector  comprises  a  broadband  video  amplifier  U1  and  associated 
components.-  High  voltage  coupling  capacitor  C2  and  inductor  L5  form  a  high  pass 
filter  that  has  a  response  peak  at  the  low  speed  diphase  rate.  Inductor  L6  and  the 
shunt  capacitance  of  CR1, 2  and  U1  comprise  a  low  pass  filter  with  a  response 
peak  at  the  high  speed  diphase  rate.  This  results  in  a  bandpass  characteristic 
that  separates  the  diphase  signals  from  the  orderwire.  A  voltage  gain  of  100  in 
U1  increases  the  20  millivolt  peak-to-peak  input  signal  to  2  volts  to  drive  a  voltage 
doubler  rectifier  CR3,  CR4,  C7,  C8.  Hot  carrier  diodes  are  used  here  to  maxi¬ 
mize  the  dc  output  voltage.  RIO,  11,  and  13  are  the  meter  multiplier  resistors 
that  set  the  meter  reading  to  mid  scale  (green  zone)  for  a  normal  signal  level. 
Diodes  CR1  and  CR2  protect  the  input  of  U1  from  damage  caused  by  transients  on 
the  cable. 

The  Outgoing  Diphase  Signal  Detector  (see  circuit  between  Cl  2  and  R26  on 
the  schematic)  is  essentially  the  same  as  (he  incoming  detector  but  without  the 
amplifier. 
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Figure  13-8,  Metering  Circuit  Card 
Assembly  Schematic 


JS 

.  *  >  t- 


13-9 


RAYTHEON  COMPANY 


RAYTHEON 


EQUIPMENT 


DIVISION 


Figure  13-9  is  the  schematic  of  the  Orderwire  Card.  The  Transmit  ampli¬ 
fier  Ul,  Ql,  2,  3  and  4  is  a  high  output  impedance  bridge  amplifier.  The  Receive 
amplifier  U2A  uses  an  FET  as  the  variable  element  in  a  voltage  controlled  atten¬ 
uator.  The  output  of  U2A  is  rectified  in  a  voltage  doubler  to  produce  the  control 
voltage  for  the  FET  which  makes  up  the  automatic  gain  control  circuit.  The 
Receive  Amplifier  drives  the  telephone  headset  earphone  and  the  Signaling  Detec¬ 
tor. 

The  Signaling  Detector  consists  of  a  Bridged-T  null  network  LI,  C14,  C15 
and  R35  and  two  operational  amplifiers,  U3A  and  U3B.  At  frequencies  other  than 
the  1600  Hz  resonant  frequency  of  the  Bridged-T  the  signal  voltage  applied  to  both 
inputs  of  U3A  is  the  same  in  phase  and  amplitude,  so  the  output  is  nearly  zero. 

U3B,  however,  will  amplify  the  output  of  the  Bridged-T;  CR12  rectifies  this  output 
and  the  resulting  positive  dc  is  applied  to  the  inverting  input  of  U2B.  The  output  of 
U2B  will  be  negative  under  these  conditions  to  cut  off  Q7  and  de-energize  the  buzzer 
When  a  1600  Hz  signaling  tone  is  received,  the  output  of  the  Bridged-T  goes  to  zero 
(or  nearly  so)  and  no  signal  appears  at  the  non-inverting  inputs  to  U3A  and  U3B. 

The  inverting  input  of  U3A  does  have  a  signal  applied  however,  which  is  amplified 
and  then  rectified  to  supply  a  positive  dc  to  the  noninverting  input  of  U2B  to  switch 
positive  to  turn  on  Q7  and  energize  the  buzzer.  Voice  signals  will  not  operate  the 
buzzer  because,  even  though  there  may  be  1600  Hz  components  in  the  voice  fre¬ 
quency  spectrum  tending  to  turn  the  buzzer  on,  the  greater  amount  of  enex'gy  in  the 
spectrum  that  is  amplified  by  U3B  will  turn  U2B  off  to  prevent  it. 

Tie  Signaling  Detector  is  converted  to  a  Signaling  Oscillator  when  relay  K2 
is  actual  ed.  The  junction  of  LI  and  C14  is  grounded  and  the  output  of  U3A  is  fed 
back  to  C14,  C15  through  R34  to  form  a  Colpitts  oscillator,  the  output  of  which  is 
connected  to  the  Transmit  Amplifier  through  R4. 

The  COU  Control  Panel  schematic  is  shown  on  Figure  13-10.  Two  9  volt 
BA-5599  batteries  supply  dc  power.  A  switch  SI  selects  the  internal  battery  or  an 
external  supply,  or  shuts  the  unit  off.  A  cover  actuated  switch  S4  disconnects  the 
batteries  when  the  cover  is  closed. 
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Figure  13-9.  Orderwire  Circuit  Card 
Assembly  Schematic 
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SECTION  14 
POWER  SUPPLIES 


14.  1  description 

Each  equipment  has  its  own  plug-in  power  supply  to  generate  all  of  the  dc 
voltages  required  for  operation.  Switching  regulators  are  required  to  meet  size 
and  weight  requirements  and  to  improve  electrical  efficiency.  Keltec  Florida,  a 
division  of  Aiken  Industries  was  the  successful  bidder  for  the  power  supply  sub¬ 
contract.  Keltec  has  designed  and  built  power  supplies  for  the  DVM  and  EDM 
units.  The  power  supplies  plug  in  from  the  front  and  the  heatsink  extends  out 
the  rear  of  each  DGM  equipment  except  the  RLGM  which  does  not  require  heat¬ 
sinking  to  the  outside. 

All  power  supply  outputs  are  protected  against  short  circuits  and  over¬ 
voltage.  The  constant  current  power  supplies  for  the  CDM's  and  the  180  volt 
RLGM  power  feed  supply  has  shut  down  and  discharged  the  cable  voltage  upon 
interruption  of  cable  current.  Isolation  has  been  provided  between  DSVT  power 
feed  circuits  so  that  they  can  oe  switched  ON  or  OFF  separately  and  a  short  on 
one  line  has  not  caused  shut  down  of  the  other  power  feeds.  The  180  volt  RLGM 
power  feed  is  designed  to  shut  down  when  short  circuited  and  to  periodically  try 
to  restart. 

14.2  DESIGN  APPROACH 

Figure  14-1  shows  the  functional  elements  required  to  configure  all  of  the 
DGM  equipment  power  supplies.  Each  of  the  DGM  equipments  was  designed  to 
operate  from  either  120  Vac  or  28  Vdc  power.  The  RLGM  was  also  designed  to 
operate  from  180  Vdc.  The  28  Vdc  requirement  was  subsequently  deleted,  except 
for  the  RMC,  RLGM,  and  LSCDM.  Each  equipment  also  requires  ^5  and  +_12  or 
-10  Vdc  outputs. 

The  LGM,  RLGM  and  RMC  power  supplies  provide  55  volts  power  feed  to 
DSVT's.  Power  feed  to  the  high  and  low  speed  pulse  restoreres  is  generated  by 
a  constant  current  regulator  in  the  CDM  power  supplies. 
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The  power  line  is  protected  by  a  circuit  breaker  with  separate  sensing  of 
ac  or  dc  overload  current.  The  RMC  and  RLGM  power  supplies  have  integral 
EMI  filters  and  EMP  protection.  Each  power  supply  contains  four  or  more  printed 
circuit  board  modules.  These  modules  have  a  metal  heatsink  bracket  for  mounting 
high  power  dissipation  devices.  The  heatsink  bracket  on  the  module  is  fastened 
to  the  rear  heatsink  of  the  power  supply  by  hardware  to  ensure  good  heat  transfer. 
Table  14-1  lists  the  modules  used  in  each  DGM  power  supply. 

14.2.  1  DC  TO  DC  CONVERTER  {MODULE  C)  (Figure  14-2) 

This  module  is  used  in  all  DGM  equipment  power  supplies  for  operation 
from  28  Vdc.  Automatic  switch  over  to  the  dc  to  dc  converter  occurs  when  a 
dc  input  is  sensed.  The  converter  steps  up  the  input  voltage  to  approximately 
150  volts.  In  the  ac  mode  of  operation,  this  150  Vdc  is  obtained  by  rectifying 
the  ac  input  voltage. 

The  C  module  also  contains  the  drivers  for  the  POWER  OUT  OF  TOLERANCE 
lamp,  a  fault  signal  to  the  equipment  BITE  card,  and  the  SA  alarm  relay.  A  radia¬ 
tion  detector  on  this  module  shuts  down  the  power  supply  on  detecting  a  nuclear 
event. 

The  power  transformer  output  is  rectified  by  a  bridge  rectifier  circuit.  This 
is  the  same  bridge  rectifier  circuit  that  handles  the  120  Vac  input. 

This  module  also  has  a  nuclear  detection  circuit  that  senses  electromag¬ 
netic  pulses  (EMP)  and  shuts  down  all  circuitry  in  the  event  of  an  extreme  EMP 
condition.  Module  C  also  senses  undervoltages  in  the  +150  Vdc  circuits.  When 
an  unvervoltage  condition  is  detected,  the  POWER  OUT  TOL  lamp  on  the  front 
panel  is  illuminated. 

Tests  indicate  that  the  dc  to  dc  converter  is  at  least  85  percent  efficient. 

The  overall  efficiency  of  the  power  supplies  is  less  with  a  28  Vdc  input  because 
of  the  losses  in  the  dc  to  dc  converter.  EMI  tests  have  shown  that  power  line 
conduction  iimits  are  met  in  either  the  ac  or  dc  mode.  Tests  were  made  with 
power  line  filters  from  two  vendors. 
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Figure  14-2.  Power  Supply  Module 
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14.2.2  POWER  SUPPLY  MODULE  B,  INTERNAL  DC  SUPPLY  (Figure  14-3) 

This  module  accepts  the  150  VDC  from  module  C.  The  inputs  are  fed  to  trans¬ 
formers  T 1  and  T3  which  operate  in  the  fl/back  regulator  mode  (Fig.  14-4).  This 
mode  is  essentially  an  energy  storage  mode.  The  energy  is  stored  in  a  transformer 
primary  during  the  first  alternation  of  a  power  transistor  (ON).  The  energy  is 
delivered  to  the  load  during  the  next  alternation  of  the  power  transistor  (OFF). 

With  two  interleaved  flybacks,  one  is  delivering  energy  to  the  load,  while 
the  second  is  storing  energy  from  the  DC  source.  Regulation  is  achieved  by  mod¬ 
ulation  during  the  ON  time  of  the  power  transistors  (Q5  and  Q6). 

Polarities  of  the  T2  transformer  windings  are  such  that  while  Q5  is  on,  Q6 
is  off.  Transistor  Q5  is  clocked  on  the  off  at  a  20  KHz  rate  by  oscillator  Ul. 

While  Q6  is  on,  current  flows  from  the  +150  VDC  source  through  Tl,  T2,  and  T3 
to  the  150  Vdc  common  return.  At  the  same  time,  voltage  is  being  induced  into 
the  secondary  windings  of  Tl.  The  winding  polarities  of  Tl  are  such  that  all  the 
rectifying  diodes  are  reversed  biased  while  Q6  is  on.  No  output  voltage  is  produced 
during  this  alternation. 

Voltage  comparator  U3  receives  a  sample  of  the  unregulated  DC  output. 

This  is  compared  with  the  E  REF  voltage.  The  compared  sample  is  sent  to  U2 
which  compares  this  sample  with  a  ramp  voltage,  x  he  resultant  output  causes  a 
shut  down  and  HI  current  signal  output  to  illuminate  the  POWER  OUT  TOL  on  the 
front  panel. 

Undervolts  and  overvolts  detection  will  also  inhibit  transformers  Tl,  T2, 
and  T 3  thereby  shutting  down  the  power  supply. 

14.2,3  POWER  SUPPLY  MODULE  A,  +5,  +10  VDC  SUPPLIES  (i-  re  14-5) 

This  module  accepts  unregulated  +8  Vdc  and  +_1 6  Vdc  inputs  f  m  module  B 
and  produces  regulated  +5  Vdc,  and  +10  Vdc  output  voltages.  The  unr<  .  ulated 
inputs  are  regulated  by  series  pass  transistors  controlled  by  sensing  amplifiers 
referenced  to  E  REF.  Each  output  circuit  has  an  overvoltage  sensor  that  triggers 
a  silicon  controlled  rectifier  (SCR)  that  in  turn  crowbars  the  output. 

Each  output  voltage  is  also  monitored  by  a  voltage  comparator.  The  under¬ 
voltage  output  signal  of  the  comparator  is  sent  to  the  control  panel  to  illuminate 
the  POWER  OUT  TOL  indicator. 
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Figure  14-4.  Multiple  Output  Flyback  Switching  Preregulator 
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Figure  14-5.  Power  Supply  Module  A,  Block  Diagram 


RAYTHEON  COMPANY 

LRAYTHEONl 

EQUIPMENT  DIVISION 

14.2.4  POWER  SUPPLY  MODULE  D,  +55,  +180  VDC  POWER  SUPPLY 
(Figure  14-6) 

This  module  accepts  an  E  REF  signal,  a  20  Vdc  reference  signal,  and  a 
clock  pulse  from  module  B.  The  150  Vdc  power  input  is  received  from  module  C. 

The  clock  pulse  gates  Q1  ON  and  OFF.  While  Q1  is  ON  the  clock  pulse 
passes  through  T1  and  gates  Q3  OFF.  The  polarities  are  such  that  when  Q1  is 
ON,  Q3  will  always  be  OFF  and  vice  versa. 

While  Q3  is  ON  current  from  the  +150  Vdc  input  line  flowed  through  T2, 

Q3,  and  T3  respectively  to  the  150  Vdc  return  line. 

The  voltage  at  the  +55  Vdc  output  will  not  be  seen  at  this  time  because  of 
the  rectifying  diode  during  this  clock  alternation.  However,  the  field  surrounding 
T2  will  build  up. 

Current  flow  through  T3  induced  a  positive  going  ramp  to  U1  comparator. 
The  second  input  to  U1  comparator  comes  from  a  second  comparator  U2.  The 
two  inputs  to  U2  comparator  are  the  E  REF  signal  and  the  55  Vdc  output  via  a 
voltage  adjust  potentiometer. 

The  output  of  the  U1  comparator  will  fire  an  SCR  thereby  shorting  the  pri¬ 
mary  of  T  1  and  causing  the  field  to  collapse  around  Tl.  This  action  will  turn  Q3 
OFF  and  it  will  remain  off  until  the  next  clock  pulse. 

WithQ3  OFF  the  field  of  T2  collapses  thereby  inducing  a  voltage  that  passed 
through  the  rectifying  diode  that  is  then  filtered.  This  filtered  output  is  the  +55 
Vdc  output  via  a  voltage  adjust  potentiometer. 

A  ±SS  Vdc  overvoltage  comparator  U3  is  used  with  an  E  REF  input  to  fire 
an  SCR  (for  cut-off)  when  the  voltage  exceeds  a  limit  set  by  the  voltage  adjust 
potentiometer  input  to  the  comparator. 

A  -55  Vdc  undervoltage  comparator  is  used  in  the  same  manner;  the  under¬ 
voltage  uses  the  U2  comparator  to  feed  an  undervoltage  driver  circuit. 

The  180  Vdc  power  supply  operates  in  a  manner  similar  to  the  '55  Vdc 
power  supply.  Circuitry  is  provided  to  give  vwrrdng  when  the  180  Vdc  source 
(output  voltage)  drops  below  180  Vdc.  When  this  occurs,  Q6  turn.,  on. 
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NOTE 

When  an  external  short  occurs,  the  180  Vdc 
power  supply  will  shut  down.  After  repairing 
the  problem,  shut  the  RMC  180  Vdc  power 
supply  OFF  then  turn  it  back  on  to  reset  in¬ 
ternal  crowbar  circuits. 

14.2.  5  POWER  SUPPLY  MODULE  F  (Figure  14-7) 

The  two  F  modules  supply  180  Vdc  at  300  mA  to  the  remote  TD-1233/TTC's. 
Each  module  has  a  separate  ON/OFF  switch.  The  voltages  from  the  operating  F 
modules  are  monitored  by  the  POWER  OUT  TOL  lamp.  An  open  circuit  on  the 
180  V  load  caused  the  regulator  to  inhibit  the  output  and  light  the  180  V  fault 
lamp.  This  module  is  identical  to  the  180  volt  regulator  on  the  D  module.  Two 
F  modules  are  used  in  the  RLGM/CD  power  supply. 

14.2.6  POWER  SUPPLY  MODULE  TYPE  H  DSVT  POWER  FEED  (Figure  14-8) 

ThL  module  contains  a  flyback  converter  for  generating  +55  Vdc  to  power 
the  DSVT's.  Filtering  and  voltage  protection  for  this  output  is  also  provided. 

The  operation  of  this  module  is  similar  to  the  type  B  module.  Up  to  16  DSVT's 
can  be  powered  by  this  module  which  is  used  in  the  LGM  and  RLGM. 

14.2.7  PULSE  RESTORER  POWER  FEED  (MODULE  G)  (Figure  14-9) 

This  module  generates  40  watts  of  constant  current  output  for  powering 
the  HSPR  or  LSPR.  When  the  power  supply  is  plugged  into  a  LSCDM  the  con¬ 
stant  current  is  regulated  at  40  milliarnperes.  In  an  HSCDM  the  same  module 
is  strapped  to  regulate  at  90  milliarnperes.  The  regulator  shuts  off  and  the  load 
capacitance  is  discharged  if  the  output  voltage  exceeds  1000  volts  clue  to  an  open 
cable  or  a  power  supply  malfunction.  A  separate  ON/OFF  switch  and  fault  lamp 
is  provided  for  the  constant  current  into  a  load  which  varies  40  to  1  depending  on 
cable  system  length.  The  duty  cycle  of  the  flyback  switch  only  varies  with  the 
square  of  the  output  power  rather  than  linearly  as  with  most  switching  regulators. 
Therefore,  a  40  to  1  load  change  requires  less  than  a  7  to  1  change  in  switching 
regulator  duty  cycle. 

Module  G  accepts  -*-150  Vdc  and  +20  Vdc  inputs  through  the  flyback  con¬ 
verter-regulator  principle  is  explained  in  paragraph  14.2.2  (Module  B).  A  clock 
input  is  used  to  set  up  the  tuning  for  the  flyback  circuit. 
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Figure  14-7.  Power  Supply  Module  F,  Block  Diagram 
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14.2.8  POWER  SUPPLY  MODULE  E,  +5  VOLT  DC  SUPPLY  (Figure  4-10) 

Module  E  accepts  +150  Vdc  and  +20  Vdc  inputs  and  through  the  flyback 
converter- regulator  principle  outputs  regulated  +5  Vdc.  The  flyback  converter- 
regulator  principle  is  explained  in  paragraph  2-12.  Two  time  interleaved  flyback 
circuits  are  used  for  high  current  (15  Amp).  A  clock  input  is  used  to  set  up  the 
timing  for  theflyback  circuit.  The  control  circuits  for  the  two  flyback  circuits 
are  on  module  K. 

14.  2,  Q  POWER  SUPPLY  MODULE  TYPE  J  (Figure  14-11) 

Four  series  regulators  and  undervoltage  sensing  BITE  circuits  are  con¬ 
tained  on  the  J  module.  These  regulators  provide  load  isolation  and  current 
limiting  in  addition  to  tighter  regulation  than  provided  by  the  B  type  module.  The 
input  voltage  to  each  regulator  is  line  regulated  by  the  flyback  pre-regulator  on 
module  B.  A  clock  generator  on  module  J  sets  the  switch  frequency  for  the  fly¬ 
back  converter  on  the  H  module.  This  module  also  provides  the  over  and  under¬ 
voltage  orotection  circuits  utilized  by  +55  Vdc  which  is  used  by  the  DSVT's.  The 
+  55  Vdc  output  is  obtained  from  this  module. 

14.2.  10  POWER  SUPPLY  MODULE  K,  +5  Vdc  SUPPLY  CONTROL  (Figure  14-12) 

Module  K  receives  the  +5  Vdc  input  from  module  £  together  with  a  constant 
reference  voltage  from  module  E.  These  two  inputs  are  compared  in  U4,  and  the 
resultant  -5  Vdc  output  is  sent  two  places.  The  primary  output  is  sent  external 
to  the  module  for  distribution.  The  second  output  is  used  as  an  input  to  compara¬ 
tor  U3. 

A  ramp  voltage  is  the  second  input  to  comparator  U3  (E  REF)  from  module 
B.  The  two  inputs  are  compared  and  a  pulse  is  produced  whenever  the  rising 
ramp  equals  5V.  The  comparator  output  pulse  turns  off  the  clock  circuits  for 
the  remainder  of  the  present  alternation.  The  clock  outputs  control  the  timing  for 
the  circuits  of  module  E. 
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Figure  14-11,  Power  Supply  Module  J,  Block  Diagram 
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14.  3  EMI 

The  power  supply  assembly  is  shielded  to  reduce  radiated  EMI  from  the 
switching  regulators.  The  front  and  rear  of  the  power  supply  opening  is  gasketed 
to  prevent  leakage  out  of  the  DGM  equipment  cases.  The  ac  or  dc  prime  power 
connector  is  an  integral  part  of  the  power  line  filter  to  prevent  EMI  pickup  in 
wiring  between  the  filter  and  the  connector.  The  power  line  filter  is  rated  for 
the  maximum  dc  current  and  ac  voltage.  This  results  in  a  filter  larger  than 
required  for  either  ac  or  dc  operation  but  smaller  than  two  separate  ac  and  dc 
filters.  Front  panel  switches  and  indicators  are  shielded. 

14.4  RELIABILITY 

Table  14-2  lists  the  reliability  prediction  for  the  power  supplies  giving  the 
predicted  failure  rates  with  full  power  feed  requirements. 

TABLE  14-2 

POWER  SUPPLY  FAILURE  RATES  PER  MILLION  HOURS 


Unit 

Prediction 

LGM 

26.  8 

RLGM 

26.  8 

RLGM/CD 

31.7 

RMC 

30.  7 

TGM 

26.  8 

MGM 

26.  8 

GM 

26.  8 

CDM 

30.  7 

During  the  Reliability  Demonstration,  there  were  more  than  120,000  power 
supply  operating  hours,  with  a  single  failure. 
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SECTION  15 
MECHANICAL  DESIGN 

15.  1  SHELTER  MOUNTED  UNITS 
15.1.1  CASE  DESIGN 

All  DGM  shelter  mounted  units  are  packaged  in  dip-brazed  equipment  cases 
8-1/2"  high  by  12"  deep  by  17.  25"  wide  except  the  MGM  which  is  14"  high  by  12" 
deep  by  17.  25"  wide  and  fabricated  from  6000  series  aluminum  alloy  plate  and 
extrusions.  It  has  been  Raytheon's  experience  that  dip-brazing  yields  the  most 
practical  and  versatile  method  to  obtain  good  working  tolerances  and  a  good  pro¬ 
duction  yield  for  equipment  case/chassis  of  this  type,  while  providing  cost  effec¬ 
tive  joint  design  for  suppression  and  control  of  EMI  and  RFI.  The  physical  char¬ 
acteristics  are  contained  in  Table  15-1. 

The  equipment  case  is  designed  to  accept  mounting  brackets  in  accordance 
with  SC-B-627147;  the  four  bracket  mounting  holes  are  located  3-3/16  inches  back 
from  the  front  edge  of  the  case  on  both  sides.  Two  carrying  handles  are  mounted 
to  the  equipment  case  forward  of  the  mounting  brackets  and  positioned  so  as  not 
to  interfere  with  the  ability  to  rack-mount  the  equipment  in  a  standard  electronic 
rack  having  dimensions  conforming  to  MIL-STD-189. 

Captivated,  10-32  thread,  blind  inserts  are  provided  in  the  wall  of  the  case 
for  the  rack-mounting  brackets. 

The  shelter  mounted  equipment  case/chassis  (see  Figure  15-1)  is  an  integral 
assembly  conforming  to  MIL-T-4734,  constructed  of  aluminum  alloys  bonded  by 
dip  brazing  techniques.  Materials,  parts  and  processes  are  in  accordance  with 
MIL-P-11268.  Finishes  are  in  accordance  with  MIL-F-14072;  the  unit  is  painted 
light  grey  enamel  in  accordance  with  TT-E-529,  color  #26250  in  accordance  with 
FED-STD-595;  front  panel  marking  is  Group  I  in  accordance  with  MIL-M- 1  3231. 

The  equipment  case  is  divided  into  two  rru.jor  compartments,  one  for  the 
power  supply  and  one  for  the  plug-in  PCEi  assemblies.  The  compartments  are 
sepai  ated  by  a  vertical  shield  to  aid  an  isolation  of  signals  and  improve  heat  regu¬ 
lation,  All  plug-in  subassemblies,  i.  e.  ,  power  supply  and  PCBs  are  replaceable 
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from  the  front  of  the  unit.  A  removeable  RFI  gasketed  cove*-  complete  with  captive 
hardware  encloses  the  PCB  compartment. 

All  normal  operational  and  hookup  connectors  are  located  on  the  rear  sur¬ 
face  of  the  unit.  A  rear  cover  provides  major  maintenance  and  initial  installation 
access  to  the  wiring  of  the  wirewrapped  panel.  All  operational  controls  are 
mounted  on  the  front  panel  immediately  accessible  to  the  operator.  Localized 
fault  locating  is  provided  on  each  plug-in  subassembly  (see  Figures  15-2  through 
15-5). 

15.  1.  2  PRINTED  CIRCUIT  CARD  DESIGN 

The  DGM  shelter  mounted  and  remote  equipments  with  the  exception  of  the 
COU  and  the  PRS  use  a  standard  sized  plug-in  PCB.  The  standard  panel  features 
a  112  pin  male  blade  connector  and  two  panel  extractors  (see  Figure  15-6).  The 
outer  surfaces  of  the  PCB  contain  mounting  pads  around  component  lead  holes, 
and  these  outer  layers  serve  as  protective  barriers  to  avoid  circuit  damage  due  to 
mishandling.  The  inner  layers  consist  of  two  signal  layers,  a  voltage  layer  and  a 
ground  layer.  The  voltage  and  grounc  layers  or  planes  are  relatively  full  layers 
of  copper  and  enhance  the  removal  of  l.°at  from  the  component  directly  to  the  PCB 
guide  system  and  eventually  to  the  outer  case  structure. 

The  board  size  is  6.  6  by  7.  7  inches  excluding  connector:  the  same  board 
is  used  in  the  remote  and  shelter  units  to  maintain  complete  interchangeability  of 
the  common  circuits  which  occur  in  LGM,  RLGM  and  RMC.  Each  PCB  features 
two  stainless  steel  keying /guide  pins  integral  with  the  connector;  the  orientation 
of  the  pins  is  selected  from  the  master  Keying  chart  (see  Figure  15-7). 

The  keying  bushing  will  be  inserted  in  the  corresponding  mating  receptacle 
in  the  W/W  plate.  A  selection  of  a  sintered  stainless  steel  keying  bushing  has 
been  made  to  prohibit  any  chance  of  overriding  the  keying  features  and  '.ause 
possible  damage  to  the  PCB. 

An  alphanumeric  matrix  for  the  location  of  DIPS  was  established  which  pre¬ 
determines  the  location  of  the  DIP  to  a  grid  pattern  0.  7  by  1.0  inches.  The  grid 
allows  adequate  space  between  DIPs  for  interconnections  and  discrete  components 
such  as  diodes,  resistors  and  capacitors  while  maintaining  established  locations 


15-5 


Figure  15 -Z.  TGM,  GM  Unit  Configuration 


Figure  15-3.  LSCDM,  HSCDM  Unit  Configuration 


Figure  15-4.  RLGM/CD  Unit  Configuration 


Figure  15-5.  MGM  Unit  Configuration 
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compatible  with  automatic  insertion  equipment.  The  standard  DGM  PCB  has  a 
DIP  density  capability  of  61  ICS  and  a  workable  surface  area,  excluding  the  con¬ 
nector  and  extractors,  of  49.  5  inches  square.  The  PCBs  are  designed  to  meet 
MIL-STD-275C,  and  MIL-P-55640  as  applicable  (see  Figure  15-8). 

15.1.2.1  Connector  Description 

The  printed  circuit  board  connector  system  used  in  the  DGM  equipments  is 
a  two  piece  tyoe  connector  system  of  proven  reliability  and  quality  and  is  adaptable 
to  low  cost  -  high  volume  production.  This  connector  system  is  the  same  as  used 
on  a  number  of  previous  and  current  Raytheon  programs  including  TDMA  (SATCOM); 
SAM-D  (MICOM);  AEGIS  (Navy;;  TARTAR-D  (Navy),  AN/TPQ-31  (Marine  Corps); 
etc.  (see  Figure  15-9). 

15.1.2.2  Extractor 

The  extractors  selected  are  molded  nylon  and  assembled  to  the  PCB  via 
spring  pins.  In  selecting  the  extractor  particular  attention  was  given  to  strength 
for  PCB  removal,  surface  area  for  aiding  insertion,  and  marking  area  for  uniquely 
identifying  each  PCB  and  its  respective  unit.  To  verify  the  adequacy  of  the  ex¬ 
tractor  Raytheon  conducted  an  ultimate  load  test,  which  is  described  in  the  follow¬ 
ing  paragraphs. 

15.  1. 2.  2.  1  Test  Method 

•  Extraction  Test  (see  Figure  15-10) 

A  typical  DGM  PCB  (multilayer)  was  placed  in  a  loading  fixture  and 
inserted  into  a  wirewrap  plate  ^simulated  PCB  -  plate  configuration).  A  tensile 
load  was  applied  to  the  plastic  PCB  extractors  by  means  of  a  Draw  Bar  Linkage. 
Force  required  to  extract  PCB  was  recorded. 

•  Ultimate  Load  Test 

The  typical  DGM  PCB  was  secured  to  the  loading  fixture.  A  tensile 
load  was  applied  to  the  plastic  PCB  extractors  by  means  of  the  Draw  Bar  Linkage. 
Load  was  applied  until  the  retaining  pivot  pin  of  the  extractor  bent/ejected. 

Hardened  drill  rod  was  used  to  replace  the  extractor  pin  and  tensile  load  was 
applied  until  the  drill  rod  sheared  through  the  PCB.  Forces  were  recorded  for 
each  failure  mode. 


Figure  15-8.  Typical  PCB  Assembly  (6  Layer) 
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15.  1.  2.  2.  2  Test  Results  (see  Figure  15-11) 

•  Extraction  Load 

Varies  from  8  to  12  pounds. 

•  Ultimate  Loads 

(1)  Retaining/Pivot  Pin  Ejected:  256  pounds 

(2)  PCB  Tear-Out  Failure:  303  pounds 

15.1.2.2.3  Conclusion 

•  Extraction  Loads 

PCB  extraction  force  of  8  to  12  pounds  meets  the  requirements  of 
MIL -STD -147  2. 

•  Ultimate  Loads 

DGM  plastic  extractors  have  more  than  adequate  strength  including  a 
large  safety  factor. 

Primary  failure  mode  (i.  e. ,  pin  bends/ejects)  is  a  desirable  feature. 
In  the  e"ent  of  misuse  the  pin  fails,  but  the  PCB  is  not  damaged.  Repair  consists 
of  replacing  the  pin. 

15.  1.  2.  3  PCB  Guide 

The  PCB  guide  system  was  selected  primarily  in  an  attempt  to  provide  a 
thermal  path  from  the  Pe>B  io  the  equipment  case.  The  guides  are  Be  Cu,  rivited 
to  a  support  plate  which  in  turn  is  mounted  to  the  equipment  case  via  brackets  and 
hardware.  The  guide  assembly  is  aligned  to  the  w/w  plate  connectors  and  provide 
mechanical  support  for  the  PCB  during  insertion  and  withdrawal. 

Forward  of  the  PCB  guide  is  a  nylon  marker  which  provides  initial  align¬ 
ment,  coding,  and  marking  surface  for  the  identification  of  the  proper  PCB  used 
in  that  location.  The  coding  provision  is  a  raised  portion  of  the  plastic  marker 
which  prohibits  the  erroneous  insertion  of  a  PCB  180  degrees  from  the  proper 
insertion  orientation  (see  Figure  15-12). 
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15.1.2.4  Chart,  PCB  Locations 

A  marking  and  location  system  has  beeu  established  for  DGM  which  uses  the 
forward  surface  of  the  PCB  extractors,  the  marker  strip  forward  of  the  PCB 
guides  (see  previous  paragraphs),  and  a  locator  chart.  The  locator  chart  (see 
Figure  15-13)  is  a  decal  attached  to  the  outside  surface  of  the  PCB  cover  which 
identifies  all  internal  PCBs,  their  switches  and  functions  including  rate  selec¬ 
tions,  and  fault  indicators.  The  decal  is  capable  of  being  marked  by  grease  pen¬ 
cil  by  the  operator  to  identify  the  internal  switch  settings,  frequency  rates,  or 
operating  conditions  without  the  removal  of  the  cover.  Each  unique  unit  has  its 
own  PCB  chart. 

15.1.3  THERMAL  DESIGN 

15.1.3.1  Approach 

Raytheon's  approach  to  an  acceptable  thermal  design  of  the  DGM  equipments 
is  based  on  the  development  of  necessary  guidelines  at  critical  points  of  hardware 
design  and  their  verification  on  the  basis  of  empirical  data  ootained  from  a  fhermal 
model  simulating  the  thermal  conditions  wivhin  the  units. 

15.1.3.2  Preliminary  Thermal  Analysis 

During  the  DGM  Proposal  Phase,  Raytheon  performed  a  preliminary  thermal 
analysis  using  a  computerized  heat  transfer  program  (HEATNET)  and  the  CDC 
time -sharing  Kronos  2  system.  The  results  of  this  analysis  was  used  as  a  guide 
to  establish  the  basic  design  for  the  DGM  equipments  and  to  select  parts/sub¬ 
assemblies.  It  is  noted  that  this  basic  approach  for  analysis  was  used  by  Raytheon 
Cor  the  l’D-1065  High  Speed  Serial  Data  Buffer  developed  under  Contract  DAAB07- 
73-C-0071,  the  results  of  which  were  within  3°C  from  predicted  to  actual  measure¬ 
ments.  The  DGM  shelter  mounted  equipments  closely  resemble  the  physical  size, 
shape,  partitioning  and  fabrication  methods  of  the  TD-1065.  Therefore,  the  same 
basic  thermal  analysis  could  be  applied  to  these  equipments  with  a  high  degree  of 
confidence  in  the  results. 

Other  design  techniques  to  be  used  were: 

•  Use  of  MIL-Grade,  selected  components,  i.  e.  ,  125°CIC's; 

materials  to  withstand  solar  radiation  effects  and  high-low  tem¬ 
perature  degradations. 
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•  Closed  loop  convection  cooling  with  direct -to -c.mbient  conduction 
and  convection  cooling  for  PS. 

•  Metals  and  plastics  selected  for  specific  proven  qualification  at 
extreme  low  temperature:  i.  e. ,  polycarbonate  used  has  been 
recorded  serviceable  after  24  hour  exposures  at  -80°F. 

•  Use  of  silicone  rubier  seals  and  gaskets  rated  not  to  set  at  levels 
as  low  as  -70°F . 

The  preliminary  thermal  analyses  were  subsequently  updated  for  the  DGM 
shelter  type  units  in  an  effort  to  establish  thermal  guidelines  for  use: 

a.  in  the  many  tradeoff  studies  which  were  to  be  made 

b.  by  the  mechanical  designer  in  selecting  the  configuration  and  the 
key  parts  (e.  g.  ,  card  guides)  of  the  units 

c.  by  the  system  engineer /circuit  designer  in  "partitioning"  the  units. 
Based  on  the  analysis  the  following  gross  levels  were  established: 

a.  Case  Power  Dissipation  Levels 

1.  Maximum:  85  watts 

|  2.  Design  Goal:  65  watts 

b.  PCB  Power  Dissipation  Levels 

1.  Maximum:  4  watts 

2.  Design  Goal:  2.  5  watts 

In  addition,  three  sets  of  curves  (Figures  15-14  through  15-16)  were  developed  to 
further  guide  the  design  engineers  in  the  early  phases  of  equipment  design. 

a.  Total  Internal  Heat  Dissipated 

The  three  curves  shown  in  Figure  15-14  are  average  internal  air 
temperature  versus  heat  dissipated  for  several  different  configurations. 

1.  Curve  One  (0%  Conduction  without  openings  in  case)  represents 
the  upper  boundary  condition  for  a  fully  enclosed  shelter  unit  and  would  be  approached 
if  little  or  no  conduction  was  provided  from  the  heat  source  to  the  case  skin. 


SHELTER  TYPE  UNITS 


SHELTER  TYPE  UNITS 


Temperature  Difference  vs.  Total  PCB  Heat  Dissipated 


,3iKS^:3H&i3 


RAYTHEON  COMPANY 

^RAYTHEON! 

. 

■'  1  1  1 

EQUIPMENT  DIVISION 

2.  Curve  Two  (73%  Conduction  without  openings  in  case)  repre¬ 
sents  the  lower  boundary  condition  for  a  fully  enclosed  shelter  type  unit  and  re- 
qixires  excellent  conduction  paths  from  the  heat  source  to  the  case  skin  (e.  g.  ,  use 
of  thermal  planes;  conductive  card  guides;  many  contact  points  between  the  card 
guides  and  the  case). 

3.  Curve  Three  (73%  Conduction  with  50%  openings  in  case)  is 
the  same  as  Curve  Two  except  for  the  top  and  bottom  of  the  case  being  50%  per¬ 
forated  or  50%  open  to  vertical  air  flow  (natural  effects  only).  This  was  considered 
a  backup  approach  in  the  event  we  were  forced  to  handle  large  heat  loads.  The 
principle  disadvantage  are  the  added  costs  to  include  openings  which  are  EMI 
tight,  and  the  EMI  problem  in  general. 

The  absolute  maximum  internal  air  temperature,  based  on  a 
rather  quick  review  of  some  components  and  supplies  was  established  at  100°C; 
however,  at  least  at  the  outset  85°C  was  selected  as  the  upper  limit  to  be  used  as 
the  design  guide.  Should  we  actually  approach  this  level  in  the  final  design,  care¬ 
ful  review  of  all  components  was  planned  to  insure  satisfactory  part  selection/ 
equipment  operation. 

b.  Printed  Circuit  Boards  (PCB's) 

The  two  curves  shown  in  Figure  15-15  represent  boundary  condi¬ 
tions  for  the  fully  enclosed  shelter  unit.  Assuming  a  maximum  DIP  junction  tem¬ 
perature  125°C,  rotal  allowable  power  dissipation  on  a  PCB  was  4.0  watts  or 
approximately  64  mW  per  DIP  on  the  basis  of  a  61  DIP  PCB, 

The  above  condition  assumed  three  PCB's  located  side-by-side 
0.  6-inch  apart,  with  each  PCB  dissipating  the  same  amount  of  heat  (no  lateral 
heat  transfer).  In  special  cases  more  than  4.  0  watts  per  PCB  could  be  handled 
by  locating  a  "hot"  PCB  between  two  "cold"  PCB's  or  "cold"  surfaces.  Similarly, 
the  DIP  (or  several  DIPs)  which  dissipates  more  than  64  mW  may  require  special 
treatment  such  as  an  individual  heatsink  and/or  a  location  facing  a  "cold"  surface. 

c .  Temperature  Difference  versus  PCB  Heat  Dissipated 

The  three  curves  shown  in  Figure  15-16  represent  thermal  im¬ 
pedances  at  different  points  of  a  PCB. 
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1.  PCB  Center  to  PCB  Edge  -  This  curve  is  relatively  flat  and 
indicates  that  the  conduction  from  the  center  of  the  PCB  to  the  PCB  edge  is  ex¬ 
cellent  (due  primarily  to  the  two  thermal  planes,  i.  e. ,  the  voltage  and  ground 
planes).  Not  much  total  improvement  will  be  achieved  by  reducing  this  impedance; 
therefore  no  further  efforts  were  required  in  this  area. 

2.  Case  Skin  to  External  Air  -  Thi-,  is  primarily  a  function  of 
the  case  size  and  finish  which  are  essentially  beyond  Raytheon  control.  No  further 
effort  was  planned. 

3.  PCB  Edge  to  Case  Skin  -  This  is  a  steep  curve  and  accord¬ 
ingly  represents  the  key  to  the  thermal  problem. 

Careful  attention  to  detail  design/construction  was  indicated 
to  maintain  the  power  dissipation  per  PCB  and  IC  within  stated  limits  and  to  pro¬ 
vide  the  necessary  thermal  conduction  and  convection  paths  required  to  retain 
junction  temperatures  below  125°C. 

15.1.  3.3  Shelter  Equipments  Characteristics 

As  a  result  of  design  progress  since  the  completion  of  the  Preliminary 
Thermal  Analysis,  it  has  been  possible  to  update  physical  and  thermal  character¬ 
istics  of  the  shelter  equipments.  The  data  used  for  design  is  tabulated  in  Tables 
15-2  and  15-3. 

In  addition,  worst  case  conditions  projected  within  each  of  the  units  insofar 
as  IC's  are  concerned  have  been  identified  and  are  given  in  Table  15-4, 

The  information  so  accumulated  was  subsequently  used  to  determine  the 
existence  of  any  possible  critical  areas  within  the  equipments  from  a  thermal 
point  of  view.  The  procedure  followed  in  and  the  results  of  this  determination  are 
discussed  in  paragraphs  15.  1.  3.  4  through  15.  1.  3.  6,  inclusive. 

15.1.3.4  Thermal  Model 

A  thermal  model  was  constructed  to  provide  a  means  of  verifying  analytical 
results  by  actual  measurements  of  prevailing  temperatures  at  critical  equipment 
points  under  different  conditions  of  power  dissipations  within  a  unit. 
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TABLE  15-2 


SHELTER  EQUIPMENTS  CONFIGURATIONS 


Unit 

Type 

Case 

Dimensions  in 
(H  x  W  x  D) 

Number  of 
PCB's 

_  * 

Power 

Dissipation 

(watts) 

Power 

Density 

(watt/in^) 

. 

TGM 

Shelter 

8-1/2  x  17-1/4  x  12 

11 

73 

0.04 

GM 

Shelter 

8-1/2  x  17-1/4  x  12 

13 

65 

0.035 

RLGM/ 

CD 

Shelter 

8-1/2  x  17-1/4  x  12 

4 

52 

0.  03 

HSCDM 

Shelter 

8-1/2  x  17-1/4  x  12 

6 

56 

0.  03 

LSCDM 

Shelter 

8-1/2  x  17-1/4  x  12 

6 

49 

0.027 

MGM 

Shelter 

14  x  17-1/4  x  12 

25 

154 

0.  088 

Total  power  dissipation  for  unit  includes  a  15  percent  safety  factor. 

Total  power  dissipation  shown  includes  power  dissipated  on  the  power  supply 
heatsink. 


TABLE  15-3 

SHELTER  EQUIPMENTS  POWER  DISSIPATIONS 


Unit 

PCBs 

Power  Supply 

Total 

Unit 

Inside 

Unit 

Internal 

Heatsink 

LGM(SYL1 

19.  8 

25.  1 

25.1 

70.  0 

44.9 

MGM 

100.  1 

27.0 

27.  0 

154.  1 

127.  1 

GM 

42.  0 

11.3 

11.  3 

64.  6 

53.  3 

TGM 

47.  3 

12.  8 

12.  7 

72.  8 

60.  1 

HSCDM 

23.  8 

16.  1 

16.  1 

56.  0 

39.  9 

LSCDM 

19  8 

14.  5 

14.  5 

48.  8 

34.  3 

RLGM/CD 

1  3.  2 

19.  4 

19.  3 

51.9 

32.  6 

Note:  Based  on  limited  measurements  to  date,  power 

estimated  values  shown  above  are  conservative  by 
approximately  15  percent. 
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TABLE  15-4 
WORST  CASE  POWER  DISSIPATION  PER  PCB 


Number  of 
PCB'  a 

Highest  Power  Dissipa¬ 
tion  among  PCB's 

Highest  Power  Dissipa¬ 
tion  among  IC's 

Unit 

PCB 

Watts 

IC 

mW 

TGM 

11 

Microcontroller 

SM-D-875945 

6.  71 

54LS175 

60 

GM 

13 

Dipulse 

SM-D-875971 

4.  09 

54S86 

315 

RLGM/CD 

4 

Cable  Interface 
SM-D-876258 

3.  60 

- 

- 

I-ISCDM 

6 

T  raffic  Rec  B 
SM-D-876004 

8.  01 

54S163 

635 

LSCDM 

6 

Traffic  Rec  B 
SM-D-876265 

4.  38 

54S163 

635 

MGM 

25 

Format  Generator 
SM-D-875959 

8.  89 

54S163 

635 

An  actual  TGM  case  was  modified  by  removing  its  top  and  bottom  surfaces 
and  replacing  them  with  flat  sheets  of  aluminum  chromated  on  one  side  and  painted 
black  on  the  other.  This  modification  made  it  possible  to  determine  any  possible 
benefit  that  could  be  derived  from  altering  the  surface  finish. 

Removing  the  top  surface  also  provided  a  means  to  simulate  the  larger  MGM 
case  by  the  addition  of  an  upper  section  to  the  basic  case. 

Heat  sources  were  located  with  the  thermal  model  such  as  to  make  it  possible 
to  vary  the  heat  distribution  and  its  amount  within  the  unit,  with  thermocouples 
located  at  critical  points  to  measure  temperatures  prevailing  at  them,  including 
those  IC's  located  at  different  points  of  a  PCB  and  dissipating  anywhere  from  100 
to  335  mW  each,  with  and  without  heatsinks.  Data  was  taken  and  recorded  in  the 
following  pages. 

The  results  were  subsequently  plotted  in  Figures  15-17  through  15-20,  in¬ 
clusive. 
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igure  15-17.  1C  Junction  Temperature  Versus  Unit  Power  Dissipation 
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Figure  15-18.  IC  Junction  Temperature  Versus  PCB  Power  Dissipation 
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15.  1.  3.  5  Thermal  Characteristics  of  Shelter  Equipments 

The  results  of  the  thermal  experiments  were  then  interpreted  for  the  condi¬ 
tions  projected  for  the  DGM  shelter  equipments,  with  total  unit  dissipations  taken 
from  Table  15-3  md  worst  case  conditions  from  Table  15-4. 

The  results  plotted  in  Figures  15-21  and  15-22,  and  identifying  expected 
critical  junction  temperatures  under  these  worst  case  conditions,  show  all  of  them 
falling  below  the  allowable  maximum  of  125°C,  provided  heatsinks  are  added  in 
high  power  applications. 

The  results  also  indicated  the  necessity  of  using  a  fan  with  the  MGM  or  else 
the  junction  temperature  may  rise  as  much  as  13°C  to  an  unacceptable  figure  in 
excess  of  the  liriiit.  They  also  suggest  that,  as  long  as  a  fan  is  "sed  as  well  as 
heatsinks  in  critical  locations,  the  internal  power  dissipation  couid  go  up  another 
10  to  15  watts  without  causing  the  junction  temperature  to  exceed  the  allowable 
limit. 

It  should  be  noted  that  power  dissipations  assumed  provided  a  15  percent 
safety  .actor. 

15.1.3.6  Conclusions 

It  can  be  safely  stated  that  the  design  of  the  8.  5 -inch  high  units  is  sound 
from  a  thermal  point  of  view  and  that,  with  selective  use  of  heatsinks,  design  and 
performance  goals  will  be  attained. 

It  also  became  clear  that  a  low  noise,  low  power  fan  had  to  be  used  inside 
the  MGM  located  in  the  compartment  above  the  PCB's  to  circulate  the  air.  In 
addition,  buffers  were  provided  so  as  to  direct  the  coolant  air  more  efficiently 
past  identified  hot  spots. 
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15.  1.4  SHOCK  AND  VIBRATION 
1 5.  1. 4.  1  General 

There  are  two  major  areas  of  concern  when  considering  the  design  of  the 
equipment  to  survive  vibration  and  shock:  dynamic  stresses  in  the  structure, 
and  response  of  the  structures  and  enclosed,  elements.  Dynamic  stresses  always 
represent  potential  problems  since  material  fatigues  at  stresses  well  below  the 
yield  strength  of  the  mechanical/electrical  part  or  wire  connection.  Also,  exces¬ 
sive  deflections  between  mating  or  adjacent  parts  due  to  resonant  response  can 
cause  interference  and/or  subsequent  damage, 

Raytheon  has  acquired  considerable  experience  over  the  years  with  this 
type  of  equipment  and  has  developed  guidelines  and  standards  to  be  used  to  achieve 
a  lightweight  vibration  and  shock-resistant  design.  These  guidelines  and  a  brief 
discussion  of  each  are  presented  below: 

a.  Natural  frequencies  of  major  structural  items  to  be  as  high  as 
practical  with  60  Hz  being  the  minimum.  It  is  virtually  impossible  to  design 
manporteble/transportable  equipment  of  this  type  which  has  no  resonances  within 
the  range  of  service  frequencies  (5  to  200  IIz).  Within  the  constraints  of  size  and 
weight,  the  frequency  should  be  as  high  as  possible  with  the  major  structural 
elements  having  natural  frequencies  greater  than  60  Hz. 

b.  Resonance  conditions  were  analyzed  and  the  stress  levels 
were  maintained  at  safe  working  levels.  Static  limit  load  factors  are  ap¬ 
plied  to  static  structural  analysis  so  that  the  resulting  stresses  do  not  exceed  the 
yield  strength  of  the  material  and  thereby  ensure  that  the  equipment  v/ill  function 
in  the  dynamic  environment. 
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The  limit  load  factors  were  determined  from  the  vibration  and 
shocK  requirements  of  MIL-STD-310  and  from  an  estimate  of  damping  in  the 
structure. 

c.  Printed  circuit  board  natural  frequencies  must  be  at  least  1.4 
times  greater  or  less  than  the  predominate  chassis  natural  frequency.  Parts  are 
located  on  the  board  so  as  to  minimize  the  effects  of  the  part  weight  (i.  e.  ,  heavy 
parts  near  edges  and  corners).  Relatively  large  parts  (filters,  equalizers,  etc. ) 
are  mounted  to  the  board  with  threaded  fasteners.  Relatively  small  parts  (resis¬ 
tors,  capacitors,  etc.  )which  weight  more  than  1/2  ounce  are  "strapped"  to  the 
board  so  as  not  to  depend  upon  their  leads  for  support. 

d.  Cantilevered  brackets  are  to  be  avoided  whenever  possible.  If 
they  must  be  used,  they  are  to  be  carefully  designed  and  analyzed  so  as  to  achieve 
an  extremely  high  natural  frequency  (200  Hz  design  goal). 

Protective  features  such  as  bumpers  or  mechanical  extensions  are  used 
to  preclude  the  damage  to  any  part  during  servicing,  handling,  or  shock.  Indivi¬ 
dual  subassemblies  also  feature  protective  elements  and  careful  placement 
within  the  outline  of  the  subassembly  such  that  the  delicate  components  are  pro¬ 
tected  by  the  structure,  "roll  over"  handles,  or  by  other  components  which  can 
take  rough  handling  without  damage. 

Knobs,  connectors  and  hardware  are  recessed  within  the  structure  for 
protection.  Any  protrusion  from  the  basic  case/chassis  is  limited  to  rack 
mounting  angles  and  hook-up  cables.  Structures  and  protective  features  are 
designed  sufficiently  rugged  to  withstand  rough  handling  and  normal  servicing 
conditions. 

15.1.4.2  Printed  Circuit  Board  Analysis 

An  analysis  has  been  prepared  to  determine  the  stress  levels  and  the  maxi¬ 
mum  displacements  for  the  standard  printed  circuit  boards  used  in  the  Shelter 
Mounted  DGM  units.  Results  are  given  below  and  the  detailed  analysis  is  given 
in  the  succeeding  pages. 

Natural  Freq:  Displ.  Vibration  Conditions:  0.  061  in. 

Displ.  15  g  shock:  0.074  in.  Margin  of  Safety:  3.  14  minimum 
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15.1.4.3  Vibration  and  Shock  Tests  for  Shelter  Units 

Vibration  and  Shock  testing  of  the  above  equipment  were  performed  in 
accordance  with  paragraph  4.  2.  6.  2.  8  of  TT-B1  -2202-001  3  and  were  handled 
in  the  following  manner: 

a.  Fixture  Design  Analysis  and  calculations  are  consistent  with 
acceptable  practices  within  the  discipline,  which  result  in  the  fixture  complying 
with  test  criteria  identified  below. 

b.  Tool  control  procedures  apply  to  all  fixtures  or  jigs  in 
accordance  with  Raytheon  General  Policies  and  Procedure  #61-4350-142  in 
conjunction  with  any  specific  Government  agency  requirements. 

c.  Formalized  drawings  are  required  for  all  fixtures  or  jigs  in 
accordance  with  MIL-D-1000.  These  drawings  were  appi'oved  by  the  cognizant 
Raytheon  engineer  prior  to  release  for  fabrication  bids. 

The  following  procedure  standardizes  all  fixture  designs.  Resonance 
surveys  were  performed  on  each  new  fixture  configuration  prior  to  vibration 
test.  Once  the  requirements  of  this  standard  are  met,  no  further  fixture  re¬ 
sonance  investigations  were  necessary.  A  17,500  force  pound  electrodynamic 
shaker  system  was  set  aside  for  these  tests. 

15.  1.4.  3.  1  Fixture  Evaluation  Procedures 

Sine  surveys  were  performed  in  each  of  the  three  orthogonal  axes  with 
each  fixture  system  assembled  in  the  test  configuration.  The  survey  consisted 
of:  lg,  5  Hz  to  200  Hz,  1  oct/min.  Prior  to  fixture  surveys  an  accelerom  ,J  r 
response  survey  was  performed  on  all  accelerometers  scheduled  to  be  uu'.-  „d 
for  these  tests. 

a.  For  this  survey  all  accelerometers  were  mounted  in  one 
direction  on  the  shaker.  One  accelerometer  controled  the  performance  of  the 
sine  survey  noted  above.  All  acceleration  responses  were  taped  and  plotted 
according  to  Section  2. 

b.  Primary  areas  of  investigation  were  crosstalk  of  the  fixture 
system  and  verification  of  vibration  input  at  the  mounting  points  of  unit  under 
test  and  conformed  to  MIL-STD-810. 
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c.  Fixture  evaluations  were  performed  utilizing  the  actual  unit 
or  a  mass  simulating  at  least  the  mass  weight  distribution  and  CG  of  the  actual 
test  unit. 

d.  Required  data  was  obtained  by  the  use  of  tri-axial  clusters 
of  accelerometers  at  the  most  remote  mounting  points  of  the  specimen. 

The  orientation  of  these  accelerometers  was  identical  to  the 
orthogonal  axis  designations  for  the  test  specimens. 

e.  The  responses  of  these  accelerometers  was  examined  to 
ensure  that  motion  in  any  orthogonal  transverse  direction  (cross  talk)  produced 
by  the  fixture  does  not  exceed  the  vibration  input  levels.  (MIL-STD-8 1  0) 

15.1.4.3.2  Sine  Survey  Criteria 

a.  Data  acquisition  and  reduction.  The  following  procedure 
also  applied  to  actual  test  item  configurations. 

b.  Data  acquisition  and  reduction.  A  minimum  of  four  input  and 
cross  axes  instrumentation  points  were  used.  In  addition,  capability  to  provide 
response  data  of  up  to  18  response  locations  on  the  package  was  provided  as 
necessary, 

c.  Accelerometer  noise  analysis  was  performed  immediately 
prior  to  the  first  sine  survey.  The  analysis  consisted  of  taping  outputs  of  the 
accelerometers  (mounted  in  their  correct  location  on  the  package)  while  the  shaker 
system  is  completely  turned  on  and  ready  to  run  except  for  the  gain  which  remains 
in  the  minimum  position  and  the  oscillator  at  £  cps  or  less. 

d.  Accelerometer  outputs  were  simultaneously  and  continuously 
taped  on  magnetic  tape  utilizing  a  tape  recorder  with  a  frequency  response  of  at 
least  0  to  2500  cps  at  the  recording  speed  which  is  to  be  used. 

e.  Data  at  all  locations  were  plotted  directly  and  continuously 
from  the  tape  producing  plots  of  amplitude  (g  pk)vs  frequency  f  (Hz). 

f.  All  taped  data  were  stored  at  least  until  Qualification  Vibra¬ 
tion  Tests  are  completed  to  allow  analysis  of  wave  shapes  should  the  need  arise. 
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g.  Data  Acquisition  and  Reduction.  The  combined  accuracy  of 
the  data  acquisition  ar,d  play  back  system  was  within  10  percent  of  the  true 
values  for  both  peak  g's  and  frequency. 

13.  1.4.  3.  3  Shock  Test  Fixtures 

The  shock  fixture  was  capable  of  applying  the  specified  (MIL-STD-810B) 
shock  in  each  of  six  directions  along  three  axes  with  no  ringing  that  would  cause 
peaks  greater  than  the  specified  input  level  at  frequencies  up  to  2  kHz.  This  will 
be  demonstrated  by  a  Polaroid^5  photograph  of  the  input  shock  pulse  at  each  input 
location.  The  instrumentation  used  to  observe  the  pulse  was  unfiltered  to 
2  kHz. 

15.1.4.3.4  Shock  Tests 

The  shock  pulse  also  was  recorded  on  magnetic  tape  at  each  of  the  input 
locations  and  at  least  two  other  response  locations  in  the  package  for  a  minimum 
of  six  instrumentation  points. 

15.1.4.3.5  Instrumentation 

Vibration  Tests.  Tri-axial  clusters  described  consisted  of  commercial 
✓ 

tri-axial  piezoelectric  accelerometers  mounted  on  the  appropriate  faces  of  a 
small  mounting  cube.  This  cube  is  subsequently  mounted  at  the  desired  location 
on  the  test  specimen  or  fixture. 

15.1.4.3.6  Vibration  Tests 

The  test  items  were  subjected  i  i  all  three  orthogonal  axes  to  the  following 

tests: 

*Test  Level  -  1.5  g  (as  limited  by  1"  P-P  displacement) 

Frequency  Range  -  5-200-5  Hz  log  sweep  at  1  oct/min 
Time  Schedule  -  5-1/2  hours /axis 
Sweep  Rate  -  5-200-5  Hz  in  12  minutes 


-he  level  becomes  1 .  5  g  at  5,4  IIz  or  1.  277  g  at  5  Hz 
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The  units  were  functionally  tested  before  and  after  dynamic  tests  in 
accordance  with  an  approved  test  procedure. 

Bench  handling  shock  tests  were  also  performed  on  these  equipments  in 
accordance  with  MIL-STD-81  OB,  Method  516,  Procedure  II. 

15.  1.  5  EMI  DESIGN 

15.1.5.1  General  N 

The  shelter  mounted  equipment  is  designed  to  meet  the  applicable  re¬ 
quirements  of  MIL-STD-461.  A  power  line  filter  integral  with  an  external  hook¬ 
up  connector  is  mounted  on  the  rear  panel  adjacent  to  an  external  grounding 
stud.  All  access  covers,  power  supply  front  panel,  connectors  and  external 
mounted  components  are  gasketed  and/or  electrically  and  mechanically 
bonded  to  control  RFI.  Conductive  finishes  are  selected  from  MIL-F- 14072. 

The  units  are  designed  and  constructed  with  adequate  provisions  for  bonding 
the  unit  to  a  subsystem  ground  plane.  Bonding  is  not  accomplished  through 
screws  connecting  the  equipment  to  mounting  racks.  Bonding  jumpers  are  of 
the  solid  metal  type  and  as  short  as  possible.  However,  in  no  case  is  the 
length  to  width  ratio  of  the  jumper  in  excess  of  5  to  1.  Bonding  techniques 
employed  do  not  impede  maintainability  nor  adversely  affect  interchangeability. 
Surfaces  being  bonded  together  are  prepared  by  removing  all  anodic  film, 
grease,  paint,  lacquer,  dirt  or  other  foreign  and  high  resistance  materials  or 
agents  from  the  immediate  area  to  insure  negligible  rf  impedance  between  the 
adjacent  metal  parts.  Upon  completion  of  the  bonding  assembly  and  ascertainment 
of  the  specified  2.  5  milliohm  bonding  impedance,  the  completed  assembly 
refinished  in  accordance  with  MIL-F- 14072.  Other  interconnecting  cables  re- 
of  the  specified  2.  5  milliohm  bonding  impedance,  the  completed  assembly  is 
refinished  in  accordance  wiv.h  MIL-F- 14072.  Other  interconnecting  cables  re¬ 
quiring  a  cross  shield  have  a  minimum  of  90  percent  shield  coverage.  The 
conductive  finish  and  employing  an  EMI  backshell  that  provides  for  peripheral 
bonding  of  the  shield.  When  shielding  alone  is  employed  and  design  requirements 
cannot  be  met,  pin  filter  connectors  would  also  be  used.  All  panel  mounted 
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connectors  and  comoonents  and  the  nanel  mating  surfaces  are  free  of  non- 
conductive  finishes  and  provide  positive  bonding  and  grounding  with  mating 
connectors  and  equipment  ground  plane.  The  bonding  dc  resistance  of  all  con¬ 
nectors  and  panel  mounted  components  will  not  exceed  2.  5  milliohms. 

The  gasketing  systems  employed  for  the  shelter  mounted  equipments  do  not 
require  rain  or  immersion  seals  and  will  use  beryllium  copper  spring  finger 
stock.  The  rear  access  panel  over  the  W/W  plate  is  gasketed  by  spring 
finger  stock  as  is  the  rear  protrusion  of  the  power  supply.  Captive  hardware 
is  located  around  the  periphery  of  the  covers  and  panels  spaced  to  provide 
adequate  RFI  compression  without  causing  unnecessary  hardware  removal  to 
gain  access  to  the  subassemblies  for  replacement.  Shield  plates 
between  subassemblies  as  required  to  provide  additional  isolation  of  circuits. 
Coaxial  cables  and  feed  through  capacitors  are  used  as  required  to  control 
critical  signal  runs.  A  detailed  ILMI  design  plan  is  outlined  in  the  following 
paragraphs. 

15.  i .  5 . 2  EMI  Envelope 

The  outer  surface  of  each  unit  is  defined  as  the  EMI  envelope  for 
design  purposes  (see  Figure  15-23).  To  illustrate  this  envelope,  imagine  construc¬ 
ting  an  enclosure  by  welding  one-half  mch  steel  sheet  together.  Before  welding 
the  last  sheet,  the  electronics  and  batteries  are  placed  inside.  The  enclosure 
becomes  RF  tight  as  soon  as  the  last  sheet  is  welded  in  place.  From  a  practical 
standpoint  though,  this  configuration  would  not  be  very  useful,  because  components 
was  designed  with  sufficient  RF  integrity  to  maintain  the  required  shielding 
effectiveness.  The  shielding  of  each  enclosure  was  determined  when  the  corn- 
effectiveness.  The  shielding  of  each  enclosure 
ponent  parts  of  each  are  fully  defined. 

15.  1.5.  3  Unit  Enclosure 


Each  unit  hoursing  .us  designed  and  constructed  to  provide  the  required 
shielding  effectiveness.  The  impedance  between  any  two  points  on  the  housing 
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should  be  constant  and  as  low  as  possible  at  any  frequency.  This  is  ac¬ 
complished  by  using  highly  conductive  mating  surfaces,  close  mechanical  toler¬ 
ances,  and  rigid  construction. 

15.1.5.4  Grounding 

Each  unit  utilizes  a  multi-point  ground,  i.  e.  ,  all  signals  within  the  unit 
are  referenced  to  a  large,  easily  accessible,  low  impedance  surface  area, 
specifically,  the  equipment  hoursing.  Ideally  a  conductor  which  has  zero  impe¬ 
dance  can  conduct  infinite  current  with  no  differences  in  potential  across  the  con¬ 
ductor.  This  type  of  grounding  scheme  minimizes  .'.ommon  impedance  sharing 
between  circuits  and  provides  maximum  effectiveness  from  filters,  shields,  and 
decoupling  networks.  Certain  high  level  currents  within  tne  system  are  routed 
thiough  return  wires  as  required.  Each  unit  is  provided  with  a  power  safety 
ground  through  its  I/O  connectors.  Bonding  impedances  are  less  than  10 
milliohms  measured  at  dc.  A  diagram  of  this  approach  is  shown  in  Figure  15-24. 

15,  1.5.5  Ventilation 

Where  cooling  air  is  required,  honeycomb  filters  are  used.  For  natural 
convection  and  radiational  cooling,  perforations  in  the  case  are  used.  Aluminum 
honevcomb  is  used  for  air  openings  -  Omnicell  (Tradename)  is  a  configuration 
which  has  proven  reliable  as  an  RF  attenuator  (>80  dB)  up  to  10  GHz. 

15.  1 .  5  .  u  Printed  Circuit  (PC)  Boards 

PC  boards  with  ground  planes  a  .d  more  than  three  chassis  ground  connections 
are  far  superior  to  those  with  grounds  which  are  interspersed  among  the  inter¬ 
connecting  etches.  The  ground  plane  minimizes  common  impedance  sharing 
between  circuits  on  the  board  and  also  acts  as  an  RF  shield  to  reduce  board-to- 
board  coupling.  When  multi-layer  PC  boards  are  used,  a  ground  plane  is  a 
practical  necessity,  and  is  used. 

15.  1.5.7  Internal  W i ring 

It.  an  equipment  which  processes  only  digital  signals,  the  internal  wiri -g 
arrangement  is  less  critical,  since  practically  any  configuration  is  adequate 
However,  when  an  equipment  processes  digital,  analog,  and  high-level  continuous 
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Figure  15-P.4,  Overall  Grounding  Philosophy 


15-59 


.  -s ««***&**  W *******  *  f-  ’ 


RAYTHEON  COMPANY 

^Raytheon! 

equipment  Division 

wave  (CW)  signals,  the  layout  becomes  critical  because  of  coupling  within  the. 
wire  harnesses.  The  two  factors  which  reduce  cable  coupling  are  use  of  shielded 
cables  which  are  properly  terminated,  and  physical  separation. 

15.1.5.8  Switches  and  Indicators 

Switches  and  indicators  become  radiators  of  EMI  through  pickup  on  their 
associated  wires.  These  coupled  signals  can  be  eliminated  at  the  switch  or  the 
indicator  by  using  bulkhead -mounted  filters.  However,  the  best  method  to  eli¬ 
minate  radiation  is  to  shield  the  indicator  or  to  ground  the  shaft  of  the  switch. 

For  the  DGM  equipments,  all  external  switches  will  utilize  grounded  shafts  and 
all  indicators  and  push-button  switches  will  be  shielded. 

15.1.5.°  Connectors 

Coaxial  terminations  (BNC,  N,  TNC,  etc.)  are  installed  properly,  i.  e.  , 
no  paint  or  other  insulation  material  between  the  connector  and  the  mounting 
surface.  The  coaxial  shields  are  terminated,  using  all  wire  strands,  in  360 
degrees. 

15.1.5.10  Power  Supplies 

In  an  equipment,  the  power  supplies  (AC/DC  or  DC/AC)  are  a  prime  source 
of  EMI  in  that  they  are  inherently  noisy  and  are  conductors  of  the  signals  proces¬ 
sed  within  the  equipment.  In  accordance  with  preferred  design  practice,  power 
supply  noise  and  operational  signals  at  the  power  supply  input  were  reduced  to 
the  lowest  possible  levels  througn  design.  This  resulted  in  lower  insertion  losses 
for  the  power-line  filter,  which  reduces  filter  size  and  cost.  A  solid-grounding 
approach  helps  reduce  power  supply  noise. 

15.1.5.11  Filter  Installation 

There  are  two  major  criteria  involved  with  filter  installation.  First,  the 
output  wares  must  be  isolated  (shielded)  from  the  input  wires  by  at  least  the  in¬ 
sertion  loss  of  the  filter;  that  is,  if  the  attenuation  of  a  filter  as  1  MHz  is  60  dI3, 
then  the  output  wires  must  be  isolated  from  the  input  wires  by  at  least  60  dB. 
Second,  the  case  of  the  filter  must  be  referenced  to  the  same  ground  point  as  the 
signals  it  will  attenuate;  that  is,  the  I<F  impedance  between  the  installed  filter 
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and  the  signal  reference  must  be  as  close  to  zero  as  possible.  This  type  of 
filter  installation  achieves  maximum  insertion  loss  from  the  filter. 

15.1.5.12  Access  Doors/Panels 

Access  doors/panels  are  perhaps  the  most  difficult  parts  of  an  enclosure 
to  design  for  60  dB  or  more  of  shielding  effectiveness.  For  this  reason,  their 
use  is  minimized  in  this  program  and  where  required,  is  kept  as  small 
as  possible. 

15.1.5.13  RF  Gasket  Screw  Spacing 

Screw  spacing  for  the  mating  surfaces  is  selected  in  accordance 
with  Figure  15-25. 

15.1.5.14  Required  Shielding  Effectiveness 

The  highest,  intentionally  processed  digital  signal  within  the  system  is  20 
MHz  at  3  volts.  Assuming  a  square  wave  (worst  case)  the  envelops  of  the  Fourier 
Spectrum  for  this  signal  is  shown  in  Figure  15-26  (solid  line).  If  the  space  loss 
(Figure  15-27)  subtracted  from  this  level,  then  the  field  intensity,  at  one  meter, 
is  defined  (dotted  line).  The  space  loss  has  been  determined  through  past  test 
experience.  Thus  the  standard  case  must  provide  80  d3  of  shielding  at  20  MHz 
decreasing  to  20  dB  at  1  GHz.  Since  shielding  effec.iveness  improves  below 
10  MHz,  no  requirements  need  be  specified. 

15.1.5.15  EMI  Design 

a.  Shielded  Enclosure  -  Each  unit  enclosure  is  designed  to 
provide  80  dB  of  shielding  effectiveness.  This  provides  sufficient  attenuation 
to  reduce  all  radiated  signals  to  levels  below  the  MIL-STD-461A  limits.  The 
details  of  these  enclosures  are  discussed  below.  An  exploded  view  of  unit 
frames  are  shown  in  Figure  15-28,  The  basic  frame  is  dip  brazed  construction- 
tion.  The  front  and  back  covers  were  sealed  with  an  RF  gasket  (finger 
stock)  and  bolted  into  place.  All  gasket  mating  surfaces  were  finished 
with  i’ridite  to  prevent  corrosion,  but  this  finish  will  not  degrade  the  shielding 
effectivei.eoc  as  the  gasket  will  bite  into  the  frame  when  the  covers  are  secured. 
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Figure  15-28.  TGM,  MGM,  GM 
Physical  Design 
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The  basic  unit  design  has  demonstrated  adequate  shielding 
capability  for  meeting  the  requirements  of  MIL-STD-461A  on  programs  such  as 
TD- 1065,  KG- 2 7  and  TD-660. 

b.  TGM,  MGM,  GM,  LM,  LGM,  CDM  &  RLGM/CD  -  The  TGM, 
MGM,  GM,  LM,  LGM,  CDM  &  RLGM/CD  is  designed  as  shown  in  Figures 
15-28  and  15-29.  The  unit  frames,  front  cover,  and  rear  panels  are  basically 
designed  the  same.  The  difference  in  the  back  covers  is  strictly  the  number  of 
connectors  each  has.  The  gaskets  for  the  back  covers  is  finger  stock  as  j 

shown  in  Figure  15-30.  It  was  found  during  EMI  testing  of  the  TD-1065  that 
finger  stock  on  the  back  covers  insures  a  good  metal  to  metal  contact  between 
the  cover  and  unit  frame,  thus  insuring  that  the  cable  shields  which  terminate 
on  the  back  covers  are  at  the  same  ground  potential  as  the  unit  frame. 

The  front  covers  have  spring  fingers  as  shown  in  Figure 
15-30.  All  lights,  meters  and  switches  are  shielded  to  insure  RF  tight 
enclosure  integrity.  All  cables  are  either  double  shielded  twin  coax  or 
RG-108  whose  shields  will  be  terminated  around  360  degrees. 


15.1.6  HUMIDITY,  SALT  ATMOSPHERE,  FUNGUS 

Humidity  and  salt  atmosphere  conditions  as  invoked  and  characterized  by 
the  MIL-STD-810B  tests  can  result  in  moisture  migration  and  penetration  and  a 
high  level  of  corrosion.  To  achieve  a  humidity/corrosion  resistant  design,  the 
following  design  criteria  are  being  used  through  all  levels  of  design: 

a.  Use  of  non-metallic  materials  which  are  non-hygroscopic  or 
have  very  low  water  absorption  characteristics. 

b.  Observance  of  the  compatible  couple  requirements  of  dissi¬ 
milar  metals. 

c.  Use  of  protective  finishes  to  increase  corrosion  resistance  of 

metals. 

d.  Corrosion  resisting  stainless  steels  for  hardware. 

e.  All  active  semiconductor  devices  hermetically  sealed. 
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f.  Use  of  conformal  coatings  (per  MIL-I-46058)  for  printed 
circuits  to  protect  against  corrosion  and  to  inhibit  shore  circuiting  due  to  humi¬ 
dity  and/or  dust. 

g.  Careful  attention  in  the  selection  oi  traditionally  troublesome 
components  such  as  potentiometers  and  coils. 

h.  Careful  control  of  printed  circuit  board  materials  and  fabrica¬ 
tion  processes. 

i.  Use  of  non-nutrient  materials  in  accordance  with  MIL-STD-454B, 
Requirement  4,  e.  g. ,  G10  Series  PC  Cards. 

j.  Sealed  and  pressure  relieved  case  design. 

k.  Gasketed  covers. 

15.  1.7  POWER  SUPPLY  INTEGRATION 

The  power  supply  is  designed  as  a  separable  plug-in  subassembly  mating 
with  a  rack  and  panel  style  connector  at  the  rear  and  mounting  via  captive  hard¬ 
ware  at  the  front  of  the  equipment  case.  A  finned  (heat  sink)  rear  panel  of  the 
power  supply  protrudes  through  a  gasketed  opening  in  the  equipment  rear  panel  to 
transfer  heat  directly  from  the  power  supply  to  ambient  air.  All  operational  con¬ 
trols  are  mounted  on  the  front  surface  of  the  power  supply.  Spring  finger  type 
gasket  provides  the  conductive  interface  between  the  front  panel  of  the  supply  and 
the  equipment  case.  Spring  finger  stock  provides  the  conductive  interface  at  the 
rear  of  the  case  where  the  power  supply  protrudes  through  into  ambient  air. 
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15.1.8  AN/GKC-103  MODEM 

15.1.8.1  AN/GRC-103  Modem  Case  Design 

The  AN/GRC-103  Modem  Unit  physical  design,  is  shown  in  Figure  15.  1.8-1. 
It  is  in  full  conformance  to  the  physical  characteristics  outlined  in  Chapter  15 
for  shelter  mounted  units  and  in  physical  appearance,  size  and  configuration 
greatly  resembles  the  GM  and  TGM  Units  shown  in  Figure  15-2.  The  actual 
dimensions,  weight,  power  dissipation,  and  environmental  requirements  are 
listed  in  Tables  15.  1.  8-1,  -2,  and  -3. 

15.1.8.2  Detail  Part  Design 

The  various  parts,  components  or  assemblies  used  in  the  configuration  of 
this  unit  are  described  as  follows: 

a.  The  case  is  identical  to  the  part  used  in  the  GM  and  TGM 
Units  unmodified. 

b.  The  power  supply  is  the  same  identical  unit  used  in  the  GM  and 
TGM  units  unmodified. 

c.  PCB's  are  new  design,  but  are  fuliv  conforming  to  the  standard 
outline  as  described  in  Paragraph  15.  1.2  and  shown  in  Figures  15-8,  15-9,  and 
15-10.  Special  consideration  was  given  to  control  me  heat  within  the  component 
limits  so  as  not  to  decrease  the  MTBF  of  the  unit. 

d.  The  card  guide  system  will  be  the  same  concept  as  described 
in  Paragraph  15.  1.2.3.  The  guide  pitch  is  unique  :cr  this  design  and  incor- 
oorates  a  connection  technique  for  mounting  the  bar  r.e r /divider  used  in  separ¬ 
ating  the  RED  and  BLACK  PCB  compartments. 

e.  Wire-wrap  plate  design  is  similar  to  other  like  units  except 
that  the  so-called  BLACK  compartment  circuit  care,  connectors  and  wiring  was 
separated  from  the  RED  compartment  circuit  card  connectors  and  wiring.  This 
separation  includes  a  separate  power  and  ground  bus  bar  system  for  the  RED 
and  BLACK  PCBs. 
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f.  Rear  connector  panel  configuration  is  shown  in  Figure  15.  1.  8-1 
and  15.  1.  8-2.  The  BLACK  compartment  connectors  are  grouped  to  provide 
separation  from  the  RED  compartment  connectors  on  the  rear  panel  and  will  also 
feature  wiring  separation  and  isolation  of  the  connectors  which  mate  with  the  wire- 
wrap  plate  assembly.  In  the  BLACK  compartment  connector  panel  area,  an  RFI 
tight  module  case,  approximately  3"  x  2"  x  1"  deep  is  employed  to  filter  the 
signal  to  the  Radio  I/O,  see  Figure  15.  1. 8-3. 

g.  The  front  cover  design  is  the  same  as  other  like  units  except 
that  the  decal  will  be  unique  to  illustrate  the  subassemblies  and  functions  of 
the  103  Modem. 

15.1.8.3  Special  Design  Considerations 

The  main  design  effort  on  this  unit  was  to  effect  an  adequate  BLACK/RED 
compartment  separation.  Care  was  also  taken  to  provide  for  critical  signals 
which  carry  high  frequencies  and  their  interconnections  to  circuit  card  con¬ 
nectors  and  input/output  connectors. 
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Figure  15.  1.  8-3.  Coax  Assembly  (AN/GRC-103) 
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15.2  PULSE  RESTORER  UNITS 

15.2.1  CASE  DESIGN 

After  successful  qualification  and  field  testing  of  the  TD-206  B/G  pulse 
restorer  and  a  re-evaluation  of  the  priority  for  the  weight  specification, 
Raytheon  utilized  a  similar  basic  case  design  philosophy  for  the  LS  and  HS 
pulse  restorers  (see  Figure  15-31). 

The  body  and  covers  were  investment  casted  employing  alloy  Al  A356- 
Tb  to  maximize  the  strength  to  weight  ratio.  Modifications  to  the  basic 
TD-206  B/G  to  improve  performance  and  reduce  cost  are  as  follows: 

a.  Integrate  the  UG-1837/U  connector  shell  into  the  cast  body 
to  delete  the  heavy  stainless  steel  connector  mounting  nuts  which  require  a 
special  spanner  wrench,  and  eliminate  an  EMI  and  water  seal. 

b.  Use  the  smallest  possible  orderwire  connector. 

c.  Use  clamps  to  secure  the  covers  to  the  housing  and  thereby 
improve  producibility  and  reduce  weight. 

15.2.2  CARD  DESIGN 

Because  of  interference  considerations,  both  the  LSPR  and  HSPR  contain 
two  identical  PCB's  separated  by  the  aluminum  center  wall  of  the  housing  to 
provide  the  required  bi-directional  capability.  Electrical  connections  to  the 
boards  are  made  via  solder  terminals  and  service  loops  to  allow  for  ease  of 
assembly  and  repair.  Where  large  components  are  mounted,  additional 
mechanical  support  is  provided  as  part  of  the  card  assembly  for  structural 
integrity.  The  three  layer  HSPR  card  is  shown  in  Figure  15-32. 

15.2.3  WEIGHT  ESTIMATES 

The  weight  breakdown  is  shown  in  Table  15-5.' 
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N  OT  E5 : 

1.  PARTIAL  REFERENCE  DESIGNATIONS  ARE  SHOWN; 

FOR  COMPLETE  DESIGNATION,  PREFIX  WITH 
UNIT  NUMBER  OR  subassembly  DESIGNATION  (S) 

2.  FOR  SCHEMATIC  DIAGRAM  SEE  SM-D-fiDG  106 

3.  FABRICATE  AND  ASSEMBLE  PER  SM-C-526772 

4.  TEST  IN  ACCORDANCE  WITH  SM-A-eidO-1 

5.  MARK  .IE  HIGH  BLACK  CHARACTERS,  GROUPS  ORTOC 

PER  MIL-M-I323I.  LOCATE  APPROXIMATELY  WHERE  SHOWN 

6.  APPLY  Find  NO.  22  AND  23  TO  THREADED  SECTIONS 
OF  SCREWS  (  P/O  FIND  NO.  6)  AND  FIND  NO.  7 

7.  SPACE  TO  BE  PROVIDED  AFTER  THE  SERIAL  NUMBER, 
TOADDA  SUFFIX  LETTER  IF  REQUIRED  BY  CONTRACT 

0.  PEEL  ADHESIVE  BACKING  FROM  FIND  NO.  9  &  27.  ORIENT  AND 
LOCATE  CENTRALLY  AS  SHOWN  ON  FIND  NO.  2  g,  I 
RESPECTIVELY 

9  ASSEMBLE  FIND  NO,  25  AND  FIND  NO.  26  DER  QQ-S-701 
TO  A  TENSION  OF  260  P  20  LBS 
IO.  MARK  SERIAL  NO.  PER  NOTE  5 
I  I.  STRIP  ,36  ANDTIN 
12.  STRIP  12  AND  TIN 


PL 


Figure  15-31.  Low  Speed  Pulse  Restorer 
(Sheet  1  of  2) 
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12.  ASSEMBLE  FIND  NO.  70  BETWEEN 
HOLES  A  AND  B  AFTER  TEST 

1 3 ,  ALL  COMPONENTS  TO  BE  MOUNTED  SO 
THAT  A  PORTION  OF  THE  COMPONENT 
BODY  IS  AS  CLOSE  TO  THE  PRINTED 
WIRING  BOARD  AS  PRACTICAL,  WITH 
THE  FOLLOWING  EXCEPTIONS 

13.1  DUAL- IN-LINE  PACKAGES  TO  BE 
MOUNTED  .010  MIN-.060  MAX  ABOVE 
SURFACE  OF  BOARD 

13.2  TRANSISTORS  SHALL  BE  MOUNTED 
.10  MAX  ABOVE  SURFACE  OF  BOARD 

H.  APPLY  FIND  NO.  69  PER  M1L-E-22113 
TO  AREAS  SHOWN  AFTER  TEST 

15.  ASSEMBLE  FIND  NO.  66.  67  AND  68 
AFTER  CONFORMAL  COAT 

16.  ASSEMBLE  FIND  NO.  70  BETWEEN  EITHER 
HOLE  C  AND  APPROPRIATE  HOLE  AT  PIN 
2,  3,  A,  5  OR  6  OF  U1  OR  HOLE  D  AND 
APPROPRIATE  HOLE  AT  PIN  9,  10.  11, 
12  OR  13  OF  U1  AFTER  TEST 


notes: 

1 .  PART  I AL  REFERENCE  DES I GNAT  I ONS 
ARE  SHOWN I  FOR  COMPLETE  DESIG¬ 
NATION.  PREFIX  WITH  UNIT  NUMBER 
OR  SUBASSEMBLY  DES 1 GNAT  I  ON ( S ) 

2 .  ASSEMBLE  AND  SOLDER  PER 
MIL-P-556A0.  OR  FLOW  SOLDER 
PER  MIL-S-A6844 

3.  MASK  INDICATED  AREA  AND  APPLY 
FIND  NO. 71 

.001 -.003  THK  TO  ALL  EXPOSED 
SURFACES  OF  THE  BOARD 

A.  WHEN  REQUIRED.  HAND  SOLDER  PER 
MIL-STD-A5A  REQUIREMENT  5 

5.  FOR  SCHEMATIC  DIAGRAM 
SEE  SM-E-87610A 

6.  COMPONENT  ORIENTATION  SYMBOL l 

6.1  ■  DENOTES  EMITTER  OR  PIN  1  OF 

TRANSISTORS.  POSITIVE  END  OF 
POLARIZED  CAPACITORS.  CATHODE 
END  OF  DIODES,  AND  PIN  1  OF 
MULT  I  LEAD  DEVICES 

7.  MARK  .09  WHITE  CHARACTERS  USING 
NONCONDUCT  I VE  MATERIALS  PER 
MIL-M-I3231.  GROUP  II,  LF~ATE 
APPROX  AS  SHOWN 

8.  TEST  IN  ACCORDANCE  WITH  SM-A-87610 

9.  MARK  MFR  CODE  I  DENT  AND 
SERNO  PER  NOTE  7 

10.  THE  HIGHEST  COMPONENT  ABOVE 
SURFACE  OF  BOARD  IS  C2  WITH 
FIND  NO.  66  MAX  AT  .780 

11.  IDENTIFICATIONS  WITHIN  COMPONENT 
OUTLINES.  ON  LEADERS.  OR  IN 
PARENTHESIS  NOT  TO  BE  MARKED 


Figure  15-32.  High  Speed  Circuit  Card 
Aspembly 
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TABLE  15-5 

PULSE  RESTORER  WEIGHTS  (LBS.  ) 


Components 

Target 

Actual 

Housing 

2.38 

2.29 

Covers  (2) 

2.  00 

2.  12 

Modified  UG-1837/U 
Connector  Assys  (2) 

0.61 

0.60 

Shock  Mounts  (4) 

0.  85 

0.64 

Gaskets  (2) 

0.09 

0.07 

OW  Connector  and 

Cap  Assembly 

0.  04 

0.04 

CCA's  (2) 

0.86  LS/0.95  HS 

0.66  LS/0.68  HS 

CCA  Mounting  Hardware  (6) 

0.06 

0.06 

Straps  and  Seals  (2) 

0.  18 

0.  11 

Miscellaneous  (Decals, 

Lugs,  Hardware,  and 

Wire) 

0.05 

TjA2_LS, 

0.  05 

ST.'S?  LS 

Total 

7.21  HS 

'7T766  hs 

Specified  Maximum  Weight  is  7.5  Lbs.  (3.4  kg) 


15.  2.  4  THERMAL  DESIGN 
15.2.4.1  General 

The  pulse  restorer  units  dissipate  relative  low  power  and  the  thermal  de¬ 
sign  is  not  considered  critical.  Power  dissipations  are: 

High  Speed  PR:  3.4  watts  maximum 

Low  Speed  PR;  1.  3  watts  maximum 

A  thermal  analysis  to  determine  the  maximum  internal  temperature  for  the  units 

when  exposed  to  the  worst  case  thermal  ambient  (125°F  air  temperature  plus 
2 

360  BTU/HR/FT  of  solar  radiation)  has  been  performed  and  is  given  in  the 
section  below'. 
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15.2.4.2  Thermal  Analysis  Pulse  Restorers 

a.  Conditions,  operating 

1.  Temperature:  -50°F  to  +125°F 

2.  Solar  Radiation:  360  BTU/hr/ft2 

b.  Power  dissipated  =*4  Watts  (Max)  =  12.8  BTU/hr 


Use  4  watts;  will  yield  conservative  results 
Configuration 

For  analysis  purposes,  assume  the  restorer  be  a  cylinder  4.0 
inches  diameter  by  12  inches  long. 

Assumptions 

1.  The  restorer  is  suspended  by  the  cables.  Then  there  is 
no  conduction  path  from  case  to  ground  or  other  surface. 
(This  will  yield  conservative  results.  ) 

2.  No  heat  is  conducted  away  by  the  cables.  (This  will  yield 
conservative  results.  ) 

3.  The  effects  of  360  BTU/hr/ft2  of  solar  radiation  in  a  125°F 
(52  C)  ambient  is  to  in  essence  raise  the  temperature  from 
1  25°F  (52°C)  to  1 60°F  (71°C).  (Ref.:  Performance  Spec, 
paragraph  4.  2.  6.  3.  1) 

Note:  This  is  considered  to  be  conservative  for  this  type 
of  item. 

Calculations 

1 .  Surface  Area 

Ag  =  rrDL  =  rf  (4.  0)  (12.  0) 

A  =  150  in2  =  1. 05  ft2 
s 

2.  Thermal  Resistances/Profile 
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e  =  0.  9,  A  =  1.  05  ft'  ,  F  ~  1. 0 

a 


Qr  =  .  1 7 2 ( .  9)  (1.05)  (1) 


/l  64  +  46o\  4 

- 

/ 1  60  +  460  \  4 

Ll  100  / 

V  100  /  J 

=  .  162 


(6. 24)4  -  (6.20)4 


Qr  -  .  162  (1510.0  -  1477.  6) 

Qr  =  .  162  (32.4) 

Qr  =  5.  3  BTU/hr 

This  should  be  6,4  BTU/hr,  but  this  is  close  enough, 
f.  Conclusions 


1.  The  interna  :y  dissipated  heat  for  the  worst  case  combina¬ 
tion  of  cond  ions  will  raise  the  internal  temperature 
approximate  y  8  F 

2.  Components  ^  ould  be  selected  for  operation  in  a  76°C 
( 166°F  ambient). 

g.  Local  Conditions 

1.  Potential  local  conditions  or  hot  spots  were  analyzed 
using  a  76°C  (166°F1  ambient. 

2.  Key  components  were  reviewed  as  the  design  progressed 
to  ensure  no  local  problem  developed. 
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1  5.  2.  5  SHOCK  AND  VIBRATION 
1 5.  2.  5.  1  General 

The  service  condition  controlling  the  mechanical  design  is  the  dynamic 
load  and  resulting  stresses  developed  from  the  20-foot  free  fall  drop  test. 
Particularly  vulnerable  to  thesse  forces  are  the  electrical  components  mounted 
on  the  printed  wiring  boards  located  within  the  structure  as  well  as  the  housing 
itself.  Two  major  areas  were  encountered  with  the  original  restorer  and  must 
be  analyzed;  (1)  a  structural  analysis  of  the  main  housing,  and  (2)  response 
analysis  of  the  electrical  components  due  to  the  impact  loading  on  the  housing. 

1 5.  2.  5.  1 .  1  Housing 

The  restorer  housing  is  the  main  structural  member  and  subjected  directly 
to  the  impulse  loading.  Careful  consideration  was  given  to  its  design,  parti¬ 
cularly  to  factors  which  differentiate  the  impact  problems  from  the  problem  of 
static  design  that  include: 

a.  Manner  of  load  application 

b.  Structural  characteristics,  including  deflections  and  stresses 
and  effect  of  form  and  shape 

c.  Properties  of  materials  as  applicable  to  impact  design. 

Manner  of  Load  Application.  Three  general  features  of  the  load  application 
process  are  important  in  determining  the  resulting  stresses  and  deflections  in 
the  housing:  (1)  time  application  of  the  load,  (2)  shape  of  load-time  curve,  and 
(3)  number  of  repetitions  of  the  load.  If  the  time  required  for  the  load  to  rise 
from  zero  to  the  maximum  (time  application  of  load)  is  a  small  fraction  of  the 
fundamental  natural  period  of  vibration  of  the  housing,  then  the  important  charac¬ 
teristic  of  the  load-time  curve  is  not  its  shape  or  maximum  value  of  the  load  but 
the  impulse  which  equals  the  area  under  the  load-time  curve.  In  actual  cases  of 
dynamic  loading,  the  shape  of  the  load -time  curve  is  as  much  influenced  by  the 
dynamic  response  of  the  structure  as  by  the  nature  of  the  load.  Only  experimental 
methods  can  determine  this  load-time  relationship.  However,  for  the  preliminary 
analysis,  previously  obtained  experimental  data  taken  from  drop  tests  on  the  first 
generation  restorer  was  used. 
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Number  of  repetitions  of  the  load  is  of  concern  insofar  as  fatigue  strength 
of  the  part  is  concerned.  In  designing  the  restorer  for  this  service,  since  six 
drop  tests  are  required,  a  special  requirement  is  to  hold  to  a  minimum  the 
mass  of  the  component  as  well  as  the  mass  of  the  parts  supported,  as  actual 
loading  under  shock  results  from  inertial  reactions  of  these  masses. 

Structural  Characteristics.  Under  impact  loading,  the  restorer  housing  will 
absorb  a  certain  amount  of  kinetic  energy,  which  is  temporarily  stored  in  the 
structure  in  the  form  of  potential  energy  of  deformation.  In  other  words,  the 
resistance  to  impact  loads  is  proportional  to  the  amount  of  energy  that  can  be 
stored.  In  the  design  of  the  housing,  two  important  considerations  are  em¬ 
phasized;  (1)  parts  for  impact  loads  will  be  designed  to  have  the  maximum  volume 
of  material  stressed  to  the  highest  existing  stress,  and  (2)  surface  irregularities 
causing  stress  concentration  will  be  kept  to  a  minimum. 

Properties  of  Material.  Strength  and  ductility  are  the  major  material  properties 
considered  in  designing  the  housing  for  impact  loading.  It  is  a  design  re¬ 
quirement  that  the  housing  will  not  deform  permanently  when  subjected  to  the  20- 
foot  drop  test,  and  consequently  the  material  yield  strength  will  be  used  as  the 
design  criteria.  Under  this  requirement  of  no  permanent  deformation,  it  is  quite 
feasible  to  use  castings  if  stress  concentrations  are  kept  to  a  minimum. 

Another  important  property  in  designing  for  impact  resistance  is  the  mo¬ 
dulus  of  elasticity  of  the  material.  The  strength  of  the  housing  is  measured  by 
its  ability  to  absorb  energy  without  permanent  strain.  The  maximum  stress  in 
the  housing  is  proportional  to  the  square  root  of  the  modulus  divided  by  the 
volume.  Thus,  if  the  housing  is  made  of  aluminum  having  a  modulus  of 
10,000,  000  psi,  it  will  have  an  impact  resistance  of  \/3  times  that  of  the  housing 
if  it  were  made  of  steel  with  a  modulus  of  30,  000,  000  psi,  provided  the  volume 
is  constant. 

Impact  Without  Damping.  Preliminary  analysis  on  the  proposed  design  indicates 
that  relatively  large  deceleration  exists  on  impact  without  external  damping.  This 

deceleration  is  determined  by  considering  that  the  summation  of  the  deceler¬ 
ating  force -deflection  iiagram  must  equal  the  kinetic  energy  (KE)  at  impact,  which 
in  turn  equals  the  potential  energy  (PE).  For  a  restorer  weight  of  five  pounds. 
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PE  =  (20)  (12)  5  =  1200  in.  lb. 


Simply,  on  impact,  the  restorer  impacting  surface  represents  a  compres¬ 
sion  member,  and  therefore  the  deflection  (Y)  of  this  impacting  surface  must 
react  according  to: 


where 


Y  = 


PL 

AE 


P  =  applied  load  in  pounds 

L  =  length  before  loading  in  inches 

A  =  area  before  loading  in  square  inches 

2 

E  =  modulus  of  elasticity  in  pounds /in 


and  then 

PE  =  KE/  max  Pdy. 
0 


Solving  this  equation  for  the  maximum  load,  it  is  found  that 
equal  to  36,  000  pounds.  From  Newton's  second  law,  Pmax 


P  is  approximately 
max  7 

=  ma. 


P  =  W  (G  ) 
max  max 


G  7200  g's 

max 


The  results  of  this  preliminary  analysis  agree  with  previous  experimental 
and  analytical  data  obtained  on  the  original  TD-206,  a  similarly  designed  equip¬ 
ment. 


Even  though  a  damping  tube  shows  large  reductions  in  shock  loads,  the  same 
reduction  at  component  level,  the  most  critical  area,  can  be  achieved  through 
internal  isolation.  Consequently,  the  approach  taken  is  that  external  damping 
(rubber  tube)  on  the  housing  is  not  used  with  inherent  savings  in  weight,  size 
and  product  cost,  and  improved  storage  and  handling  capability.  Through  ex¬ 
tensive  analysis  and  test,  the  housing  is  designed  to  survive  the  drop  test 
without  structural  failure  by  eliminating  major  stress  concentrations  and  keeping 
weight  to  a  minimum.  Considering  manufacturability,  maintainability,  and 
shielding  effectiveness,  a  cast  structural  member  is  the  best  candidate  to  answer 
all  objectives  of  performance  and  cost  in  production. 
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15.2.5.1.2  Electronic  Components 

The  response  (deflection)  of  the  components  depends  upon  the  damping  and 
the  natural  frequency  or  period  of  the  component  support  part.  Features  of  the 
exciting  function  which  are  of  particular  interest  are  maximum  amplitude,  time 
duration  and  approximate  shape.  The  peak  value  of  pulse  amplitude  is  an  index  to 
the  intensity  of  dynamic  loading,  while  the  duration  of  the  pulse  is  characteristic 
of  its  frequency  effect.  Both  of  these  parameters  must  be  known  to  obtain  the 
response  of  the  components. 

Each  component  within  the  housing  will  respond  in  some  degree  to  a  pulse 
loading  because  it  has  both  mass  and  stiffness.  Intensity  of  the  response,  how¬ 
ever,  depends  on  how  close  the  component  structural  frequency  is  to  the  forcing 
frequency.  During  the  design  analysis,  natural  frequencies  of  the  components 
will  be  determined.  If  natural  frequencies  coincide  with  the  forcing  frequency, 
steps  will  be  taken  to  reduce  the  stress  levels  by  increasing  component  natural 
frequencies  and  changing  the  supporting  structure  cross  section  by  maximizing 
the  section  modulus,  the  most  efficient  way  to  reduce  stresses  resulting  from 
impact  loading. 

For  definition  purposes,  consider  the  restorer  to  have  a  hard  axis  (printed 
circuit  cards  vertical  on  impact)  and  a  soft  axis  (printed  circuit  cards  horizontal 
on  impact).  Maximum  response  of  the  components  occurs  when  the  transmitted 
deceleration  lies  in  the  vertical  or  horizontal  planes.  Deflections  and  consequent¬ 
ly  stresses  will  depend  on  the  ratio  of  the  natural  frequencies  of  the  printed 
circuit  cards  to  the  forcing  function.  This  forcing  function  will  be  determined  by 
experiment.  However,  for  the  preliminary  analysis,  previously  determined  drop 
test  data  can  be  used.  This  results  in  a  deceleration  time  pulse  for  a  ten-foot 
drop  test  conducted  on  the  previously  designed  restorer,  where  the  accelerometer 
was  attached  directly  to  the  printed  circuit  board.  Based  on  previous  data  and 
observations,  loads  in  the  plane  of  the  printed  circuit  boards  are  more  significant 
than  loads  normal  to  the  boards,  as  the  former  cause  bending  stresses  on  compo¬ 
nent  attachments  and  the  latter  cause  extension  stresses. 


5-8 


RAYTHEON  COMPANY 

— - - 

rRAYTHEONj 

EQUIPMENT  DIVISION 

Each  component  and  the  method  of  mounting  was  analyzed  individually 
to  determine  whether  or  not  it  will  survive  the  impact  load  without  damping. 

It  was  found  necessary  on  the  basis  of  test  and  analysis,  to  provide  damping 
and/or  additional  structural  support  to  the  critical  components. 

1  5.  2.  5.  1 .  3  Structural  Analysis 

Analytical  models  of  the  components  are  selected  based  upon  the  fragility 
level  and  the  transmitted  impact.  The  models  define  weight,  geometry  and  stiff¬ 
ness  distributions  at  a  series  of  nodes  which  in  total  describe  the  physical  compo¬ 
nent.  By  using  NASTRAN,  a  computerized  structural  dynamic  program,  the 
analytical  models  can  be  solved  for  natural  frequencies  and  .node  shapes.  From 
the  shock  spectra  data  determined  experimentally,  loads  can  be  selected  for  the 
appropriate  frequencies  and  a  detailed  stress  analysis  of  the  individual  part 
completed. 

NASTRAN  is  a  digital  computer  program  for  static  and  dynamic  structural 
analysis  by  the  finite  element  approach.  The  program  embodies  a  lumped  ele¬ 
ment  approach  wherein  the  distributed  physical  properties  of  a  structure  are  re¬ 
presented  by  a  model  consisting  of  finite  idealized  substructures  or  elements  that 
are  interconnected  at  a  finite  number  of  grid  points  to  which  loads  are  applied. 

All  input  and  output  data  pertain  to  the  idealized  structural  model. 

A  serious  problem  in  dynamic  analysis  is  the  definition  reasonable 
finite  element  model.  Since  the  computing  times  for  dynamic  problems  can 
easily  be  an  order  of  magnitude  greater  than  that  required  for  static  problems, 
the  selection  of  a  model  that  is  adequate  for  the  solution  but  not  too  large  is  an 
important  consideration,  NASTRAN  provides  for  both  the  modal  method  and  the 
direct  method  of  dynamic  problem  formulation.  In  the  modal  method,  the  vibra¬ 
tion  modes  of  the  structure  in  a  selected  frequency  range  are  used  as  degrees  of 
freedom,  thereby  reducing  the  number  of  degrees  of  freedom  while  maintaining 
accuracy  in  the  selected  frequency  range.  In  the  direct  method,  the  degrees  of 
freedom  are  simply  displacements  at  grid  points.  The  direct  method  will  usually 
be  more  efficient  for  problems  in  which  the  bandwidths  of  the  direct  st:ffness 
matrix  is  small  and  for  problems  with  dynamic  coupling  in  which  a  large  fraction 
of  the  vibration  modes  are  required  to  produce  the  desired  accuracy.  For 
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problems  without  dynamic  coupling,  that  is  for  problems  in  which  the  matrices 
of  the  modal  formulation  are  diagonal,  the  modal  method  will  frequently  be  more 
efficient  even  though  a  large  fraction  of  the  modes  are  needed.  The  choice  of 
method  is  one  of  the  important  user  decisions. 

15.2.5.1.4  Test  Program 

The  importance  of  test  programs  cannot  be  emphasized  strongly  enough,  as 
the  impact  pulse  cannot  be  accurately  defined  in  magnitude,  duration  and  form  in 
any  other  way.  Simply,  the  purpose  of  the  test  was  to  acquire  drop  test  re¬ 
sponse  data  (real  time  shock  input  and  shock  spectrum)  for  the  purpose  of  eval¬ 
uating  models  with  and  without  damping  and  using  this  response  data  in  the  analy¬ 
sis  for  evaluating  component  reaction. 

Each  test  model  was  instrumented  with  miniature  accelerometers  and 
dropped  from  a  height  of  20  feet  onto  a  four  foot  by  four  foot  by  two  inch  thick  fir 
platform.  A  sufficient  number  of  drops  was  made  to  obtain  correlative  data. 

In  addition,  photographs  were  taken  of  the  real  time  shock  inputs  for  detailed 
study.  This  real  time  input  is  the  actual  deceleration  level  obtained  from  the 
drop  tests  and,  due  to  the  nature  of  lha  test,  are  of  a  non-repeatable  nature. 

15.2.5,2  Preliminary  Analysis 

An  analysis  has  been  prepared  to  determine  stress/acceleration  levels, 
and  maximum  displacements  for  the  printed  circuit  board  in  the  Pulse  Restorer 
when  subjected  to  the  20  foot  drop  test.  This  analysis  was  coupled  with  previous 
analysis  and  test  data  to  establish  the  design  conditions;  results  are  summarized 
below. 

15.  2.  5.  2.  1  Previous  Test  Results 

The  results  obtained  include  the  real  time  shock  acceleration  levels  measured 
on  the  G10  boards  and  the  shock  spectrum  associated  with  this  pulse  for  a  five  per¬ 
cent  damped  single  degree  of  freedom  system.  This  data  was  obtained  in  three 
orthogonal  axes  for  locations  on  the  G10  boards.  The  unit  was  dropped  in  various 
orientations  with  the  unit  logitudinal  axis  being  approximately  parallel  to  the  ground 
during  impact,  and  perpendicular  to  the  ground  during  end  drops. 
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15.  2.  5.  2.  2  Development  of  Component  Structural  Loads 

The  prediction  of  detailed  component  structural  loading  for  this  type  of 
system  and  environment  is  extremely  difficult  on  an  analytical  basis  alone;  there¬ 
fore,  the  previous  tests  explained  above  were  used  in  the  development  of  represen¬ 
tative  component  loads. 

Test  results  obtained  on  the  previous  "hard"  mounted  design  indicate  a  real 
time  acceleration  level  of  2500  to  4000  g's  exists  on  the  component  boards  when 
the  unit  is  subjected  to  the  twenty  foot  drop  test.  It  is  reasonable  to  estimate  the 
same  level  would  exist  on  the  present  design  if  it  were  "hard"  mounted.  It  is  now 
possible  to  calculate  at  the  equivalent  spring  rate  supporting  the  boards  if  they 
are  considered  as  a  single  degree  of  freedom  system.  This  spring  rate  would 
account  for  the  stiffness  of  the  wooden  test  fixture,  structural  housing,  and  G10 
boards  c^emself.  This  procedure  was  followed  and  a  spring  rate  of  11,719  pounds 
per  inch  was  calculated,  for  the  "hard"  mounted  design. 

In  order  to  reduce  the  component  loads,  an  isolation  system  was  used. 

This  system  was  designed  so  that  the  energy  of  the  isolated  mass  due  to 
the  drop  height  can  be  absorbed  without  exceeding  the  displacement  requirements 
due  to  clearances.  This  isolation  system  has  a  spring  rate  of  12,  569  pounds  per 
inch  in  a  direction  normal  to  the  boards.  The  isolation  system  can  be  thought  of 
as  a  second  spring  in  series  with  the  initial  spring  calculated  from  the  test  data. 
Since  the  two  spring  rates  are  now  known  an  equivalent  spring  rate  for  the  system 
can  be  calculated.  This  was  calculated  to  be  5,  065  pounds  per  inch.  Now  using 
the  equivalent  spring  rate,  real  time  accelerations  or  the  boards  can  be  predicted. 
The  detailed  calculations  of  these  analysis  are  summarized  in  Table  15-6. 

15.2.5.3  Drop  Height-Effect  on  Component  Loading 

The  results  of  a  study  for  the  direction  normal  to  the  boards  are  presented 
in  Figures  15-33  and  15-34.  Curves  (1)  and  (2)  of  Figure  15-33  show  the  dif¬ 
ference  between  using  and  not  using  the  isolation  system.  It  can  be  seen  that  a 
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TABLE  15-6 

STRESS/ACCELERATION  SUMMARY 


Direction  of  Response 

Item 

XI 

Lateral  to 
Component  Bd. 

X2 

Perpendicular  to 
Component  Bd. 

X3 

Parallel  to  Length 
of  component  Bd. 

Isolation  System 
Linear  Spring  Rate 
(lb/ in.  ) 

10, 896 

12,569 

9,577 

Isolation  System 
Natural  Frequency 
(Hz) 

344 

370 

323 

Displacement  of 
Isolated  mass  due 
to  drop  test  (in.  ) 
(clearance  required) 

(.191) 

.  169 

.  191 

Estimated  real 
time  acceleration 
imparted  to  board 
from  drop  tests  (G's) 

1,735 

1,800 

1, 677 

Estimated  maximum 
response  to  govern 
individual  component 
design  (G's) 

2,000 

2,000 

2,000 

20.  0  foot  drop  with  an  isolated  system  is  equivalent  to  a  10.  4  foot  drop  with¬ 
out  the  isolation  system  in  terms  of  the  loadings  applied  to  the  components. 

Figure  15-34  shows  drop  height  versus  |;G"  forces  on  the  boards  considering 
the  non-linearity  of  the  isolation  system.  These  results  are  not  dramatically 
different  from  the  linear  spring  results  of  Figure  15-33. 

The  design  for  the  High  Speed  and  Low  Speed  Pulse  Restorer  is  similar  to 
that  of  the  TD  206  B/G.  Using  these  values,  a  curve  of  weight  vs  drop  height 
was  generated  and  is  illustrated  in  Figure  15r35. 
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Figure  15-5?,  Plot  of  Drop  Height  vs.  "G"  Forces  on  Board  (Lirear  Spring  Rates) 
Direction  (Normal  to  Board) 
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gure  15-34.  Plot  of  Drop  Height  vs,  "G"  Forces  on  Board  (Non  Linear  Spring 
Rates)  -  X2  Direction  (Normal  to  Board) 
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15.2.6  EMI  DESIGN 
15.2.6.1  General 

The  EMI  design  principles  discussed  in  paragraph  15.  1.5  for  the  Shelter 
mounted  units  are  applied  to  the  Pulse  Restorers  as  well.  Differences  or  special 
considerations  relative  to  the  Pulse  Restorers  are  discussed  below. 

15.  2.  6.  2  Gasket 

The  Pulse  Restorers  are  of  a  cylindrical  design  with  two  removable  covers 
(see  Figure  15-36),  The  basic  design  is  the  same  as  used  on  the  TD-206  B/G 
which  successfully  passed  the  EMI  tests.  Each  cover  is  identical  in  size  and 
construction  and  contains  a  groove  for  the  sealing  gasket.  The  groove  design  pro¬ 
vides  for  a  positive  stop  to  avoid  excessive  pressure  and  the  stiff  cover  design 
provides  uniform  pressure  to  insure  good  contact  at  all  surfaces.  A  conductive 
"O"  type  gasket  is  used  to  provide  the  necessary  EMI  seal  and  a  water  seal  to 
insure  watertightness  when  submersed  in  three  feet  of  relatively  cold  water. 

15.2.6.3  Finish/Connector  Mounting 

Other  aspects  of  the  EMI  d<  sign  are  the  conductive  finish,  E512  per  MIL- 
F-  14072,  and  integration  of  the  cabm  connector  shells  into  the  main  housing. 

These  features  greatly  reduce  the  resistance  at  the  respective  mechanical  inter¬ 
faces. 
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15.2.7  OTHER  ENVIRONMENTAL  CONDITIONS 

The  following  environmental  requirements  for  the  Remote  Unattended  Pulse 
Restorer  (PRs)  influence  the  design  beyond  those  previously  listed  under  Shelter 
Mounted  Equipments,  and  the  20  foot  drop  test  previously  discussed. 

The  PRs  are  designed  for  immersion  to  a  depth  of  three  feet,  and  are 
fully  operable  while  unattended  in  inclement  weather  conditions,  including  rain, 
dust,  snow,  sleet,  etc.  The  electronics  are  sealed  from  the  outside  ambient 
via  combination  RFI  and  water  tight  resilient  gaskets  at  all  openings /penetra¬ 
tions.  An  "O"  ring  type  gasket  is  used  under  the  two  covers  and  a  positive 
stop  is  provided  to  avoid  "gasket  set". 

Raytheon  is  casting  the  housing  with  the  cable  connector  shells  as  integral 
parts.  This  eliminates  an  opening  and  an  "O"  ring  at  each  of  the  two  connectors 
and  thereby  simplifies  the  immersion  design.  Also,  because  the  shell  dimen¬ 
sions  which  provide  an  O-ring  seal  around  the  plastic  insert  are  now  machined 
(as  opposed  to  die  cast  in  the  standard  UG-1837/U  connector)  these  seals 
(occasionally  problem  areas  in  TD-206  B/G  design)  are  greatly  improved. 

15.  3  CPU 

15.  3.  1  CASE/CHASSIS  DESIGN 

The  COU  combination  case  is  designed  to  meet  MIL-T-4734;  parts, 
materials  and  processes  will  be  selected  in  accordance  with  MIL-P- 11268. 

The  case  center  section  is  fabricated  from  aluminum  sheet  and  extrusions 
welded  or  bonded  together,  while  the  covers  (top  and  bottom)  are  fabricated 
fror  ABS  and  aluminum  extrusions  bonded  together.  The  covers  feature 
the  ic.uale  halves  of  the  sealing  extrusions  and  immersion-tight  gasket,  latches, 
hlef  of  the  separable  hinges,  protective/shock  absorbing  bumpers,  and  air 
pressure  relief  valves.  The  case  center  features  the  male  half  of  the  sealing 
extrusions,  latch  receptacles,  a  carrying  handle,  a  sling,  and  half  of  the  sepa¬ 
rable  hinges.  The  top  extrusion  in  the  case  center  provides  a  flange  for 
mounting  the  chassis  on  a  rain/EMI  gasket.  The  bottom  extrusion  in  the  c.  se 
center  provides  a  flange,  to  which  is  welded  a  shear  plate.  A  fully  sealed 
oattery  compartment  is  included  in  the  case  center.  This  compartment 
and  the  two  BA-5599(  )/U  batteries  held  there  are  accessible  through 
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a  rain  tight  door  on  the  bottom  shear  plate.  Because  of  possible  build  up  of 

corrosive  gases  from  the  battery,  the  compartment  is  vented  directly  to 

the  atmosphere  through  a  pressure  relief  valve.  ' 

The  electrical  connection  between  chassis  and  batteries  (case)  is 
accomplished  via  a  bullpin  guided  connector. 

The  plug  in  chassis  of  the  COU  includes  the  front  panel  and  is  fabricated 
from  various  aluminum  sheet  and  extruded  alloys  designed  to  support  and  con¬ 
tain  the  electronics.  The  chassis  is  a  welded  assembly  to  insure  structural 
integrity.  Accessibility  for  assembly  and  repair  will  be  a  main  feature  of  the 
chassis. 

The  COU  is  finished  in  accordance  with  MIL-F- 14072,  painted  olive 
drab,  color  #24087  of  FED-STD-595,  except  the  front  panel  will  be  #26250, 

Front  panel  marking  will  be  Group  I,  conforming  to  MIL-M-13231.  The  selec¬ 
tion  of  electronic  parts,  devices  and  related  electronic  techniques,  technologies 
and  electronic  materials,  including  microelectronic,  is  in  accordance  with 
MIL-P- 11268.  Moisture- resistant  controls  and  front  panel  components  is  ( 

used  in  conjunction  with  gaskets  and  additional  sealing  to  enable  the  COU  to  be 
operational  during  inclement  weather. 

15.3.2  CARD  DESIGN 

2 

The  COU  only  contains  two  double  sided  PCB's  approximately  30  in  in 
size.  Electrical  connections  to  the  ''a  rd  are  made  via  a  two  piece  connector. 

In  order  to  rict  shock  levels  and  deflections  experienced  by  the  components 
to  safe  levels,  he  boards  will  be  adequately  supported  in  dl  planes  and  indivi¬ 
dual  components  may  be  supported  by  clamps.  Also,  to  allow  for  easy  extraction 
the  board  assemblies  include  extracting  levers. 

o 

i 
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15.3.3  THERMAL 

The  power  dissipated  in  the  COU  is  only  0.  15  watts  continuous,  and  3.  0 
watts  for  extremely  short  periods.  It  was  estimated  that  the  temperature  rise 
within  the  enclosure  due  to  equipment  heat  will  be  less  than  1°C  and  may  be 
neglected. 

Accordingly,  then  the  internal  temperature  will  be  that  induced  by  the  125°F 
ambient  air  and  the  solar  radiation,  which  will  result  in  an  internal  temperature 
of  160°F  maximum.  Components  were  selected  to  be  compatible  with  this 
temperature  level. 

15.3.4  EMI  DESIGN 

15.3.4.1  General 

The  EMI  design  principles  discussed  in  paragraph  15.  1.  5  for  the  Shelter 
Mounted  Units  are  applied  to  the  Cable  Order  Wire  Unit.  Differences  or 
special  considerations  relative  to  the  COU  are  discussed  below. 

15.3.4.2  Front  Panel 

The  front  panel  of  the  COU  is  rain  tight  in  the  operational  position. 
Accordingly  the  front  panel  to  case  gasket  is  a  combination  EMI  and  water 
type  gasket. 

Similarly  all  front  panel  components  (switches,  lights,  meters,  etc.)  and 
the  penetration  of  the  panel  for  these  components  are  treated  for  water  tight¬ 
ness  as  well  as  EMI. 
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15.  3.  5  OTHER  ENVIRONMENTAL  CONDITIONS 

The  following  environmental  conditions  for  the  Cable  Orderwire  Unit 
influences  the  design  beyond  those  previously  discussed  for  the  Shelter  Units  and 
the  48"  transit  case  drop  test  which  is  discussed  in  paragraph  15.4. 

1  5.  3.  5.  1  Rain/Immersion 

The  units  are  fully  closed  units  which  maintain  thermal  control 
by  natural  cooling  techniques.  This  eliminates  the  need  for  openings  in  the  case 
and  greater  simplifies  the  mechanical  design/configuration  for  exclusion  of  rain, 
dust,  sand,  etc.  In  essence,  the  problem  becomes  one  of  treating  the  front 
panel  and  its  components  and  the  penetrations  of  the  panel  by  these  components 
to  exclude  the  rain.  Also  the  battery  compartment  is  rainproof. 

This  is  accomplished  by  (1)  selecting  parts  (e.g.  ,  lamp  holders  connectors, 
switches,  etc.  )  which  are  sealed  type  components,  (2)  using  gaskets  at  each 
panel  penetration,  (3)  achieving  a  relatively  uniform  gasket  pressure  (5  to  10  psi) 
between  the  panel  and  the  case.  Gaskets/seals  are  designed  to  minimize  gasket 
set  due  to  excessive  bolt  pressure  and  the  low  temperature  conditions. 

15.4  RLGM  and  RMC 
See  Volume  II. 

15.  5  SUMMARY  OF  ENVIRONMENTAL  REQUIREMENTS  AND  TESTS 

A  summary  of  the  environmental  requirements  and  the  corresponding  en¬ 
vironmental  tests  for  all  DGM  units  is  presented  in  Table  15-8. 
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Environmental^ 

Condition 


Shelter  Mounted  Equipments 

LGM,  LM,  TCM,  MGM,  GM,  CDM/LS,  CDM/HS,  RLGM/CD 


Design  Test 


Requirement 
(Spec.  Para.  3.  2.5.1) 


Requirement 
(Spec.  Para.  4.  2.  6.  2) 


Unattended  Remo 
HSPR,  I 


Design 
Requirement 
(Spec.  Para.  3.  2.  5.  2) 


High  Temperature 


Low  Temperature 


Humidity 


Shock  Drop 


Rain  Fall 


Immersion 


145°F  Operating 
160°F  Non-Operating 


-25°F  Operating 
-70°F  Non-Operating 


10,000  ft  Operating 
40,000  ft  Non-Operating. 
Maximum  rate  of  change 
2500  ft/min. 


Prolonged  tropical  ex¬ 
posure.  Operaung  and 
Non-Operating. 


MIL-STD-81 0B,  Method  501,  Proc.  IF, 
Step  4  to  be  160°F  and  Step  7  to  be 
1  45°F. 


MIL-STD-81 0B,  Method  502,  Proc.  I, 
Step  2  to  be  -70°F  for  2  hours  mini¬ 
mum  after  stabilization  and  Step  4  to 
be  -25°F. 


MIL-STD-81 0B,  Method  500,  Froc.  I, 
Step  2  shall  be  40,  000  ft.  Rate  of 
change  shall  not  exceed  2500  _t_2 5 0 
ft/min. 


MIL-STD-81 0B,  Method  507,  Proc.  II, 
Step  6  measurement  to  be  taken  in 
last  5  hours  of  last  cycle. 


Blowing  dust  particles.  MIL-STD-81 0B,  Method  510,  Proc.  I, 

Operating  and  Non-Operating.  Steps  1,  2  and  3  wind  velocity  shall 

be  limited  to  200  +100  ft/min. 


Salt  Fog 


Vibration  and  Shock 


Salt-Sea  Atmosphere. 
Non-Operating. 


No  fungus  nutrients, 
Non-Operating. 


Vehicular  transport  over 
rough  roads  and  cross¬ 
country  terrain,  common 
carrier  transport  servic¬ 
ing.  Non-Operating. 


MIL-STD-81 0B,  Method  509,  Proc.  I 
Operating  Configuration. 


MIL-STD-810B,  Method  508,  Proc.  I. 


Vibration  1.5  g's,  5-200-5  Hz  cycle, 
sweep  rate  12  minutes,  5-1/2  hours 
per  axis.  Shock  1  5  g  half  sine  1 1  ms 
pulse,  6  shocks  per  axis,  bench 
handling.  MIL-STD-81 0B,  Method 
516.  1 ,  Proc.  V, 


+  125°F  plus  solar  radiation 
of  360  BTU/Hr/FT^  Oper¬ 
ating,  +  160°F  Non-Operating. 

MIL-f 
Step  4 

1  60°F 

radiat 

-50°F  Operating 
-70°F  Non-Operating 

MIL-f 
Step  2 
mum 
be  -5( 

1  0,  000  ft  Operating 

40,  000  ft  Non-Operating. 
Maximum  rate  of  change 

2500  ft/min. 

MIL-f 
Step  2 
shall 

Prolonged  tropical  ex¬ 
posure.  Operating  and 
Non-Operating. 

MIL-f 
Step  6 
last  5 

Blowing  dust  particles  with 
wind  speeds  of  35  knots 
for  remote  equipment. 
Operating  and  Non-Operating. 

MIL-f 

Salt-Sea  Atmosphere. 
Non-Operating. 

MIL-f 

Opera 

No  fungus  nutrients. 
Non-Operating. 

MIL-f 

Common  carrier  transport. 
Non-Operating. 

Bounc 

Proc. 

5-200 

utes. 

Rough  handling,  6  drops 
from  20  ft. 

MIL-f 

excepl 

At  a  depth  of  3  ft  for  2  hours.  MIL-S 
Non-Operating.  immei 

shock 
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Table  15-8.  DGM  Equipment  Environ¬ 
mental  Design  and  Test 
Requirements 


Unattended  Remote  Equipments 
HSPR,  LSPR 


Design 

'Requirement 
c.  Para.  3.  2.  5.  2) 


Test 

Requirement 
(Spec.  Para.  4.  2.  6.  3) 


Iplus  solar  radiation  M1L-STD-810B,  Method  501,  Proc.  II, 
?£TU/Hr/FT2  Oper-  Step  4  to  be  160°F  and  Step  7  to  be 
160°F  Non-Operating.  160°F  (this  includes  the  effects  of  solar 
radiation). 


Operating 
Non -Ope  rating 


)ft  Operating 
ft  Non-Operating, 
'um  rate  of  change 
/min.. 


iged  tropical  ex- 
Operating  and 
Jperating. 


g  dust  particles  with 
feeds  of  35  knots 
mote  equipment. 

(ting  and  Non-Operating. 


gus  nutrients, 
perating. 


on  carrier  transport, 
perating. 


handling,  t>  drops 
|20  ft. 


MIL-STD-81  OB,  Method  502,  Proc.  I, 
Step  2  to  be  -70°F  for  2  hours  mini¬ 
mum  after  stabilization  and  Step  4  to 
be  -50°F. 


MIL-STD-81  OB,  Method  500,  Proc.  I, 
Step  2  to  be  40,  000  ft.  Rate  of  change 
shall  not  exceec.  2500  +250  ft/min. 


MIL-STD-81  OB,  Method  507,  Proc.  Ill, 
Step  f>  measure ments  to  be  taken  in 
last  5  hours  of  last  cycle. 


MIL-STD-810B,  Method  510,  Proc.  I. 


MIL-STD-81 0B,  Method  509,  Proc.  I, 
Operating  Configuration. 


MIL-STD-81 0B,  Method  508,  Proc.  I. 


Bounce  MIL-STD -8 1 0B,  Method  514.  1, 
Proc.  XI,  Part  2.  Vibration  1.5  g's, 
5-200-5  Hz  cycle,  sweep  rate  12  min¬ 
utes,  5-1/2  hours  per  axis. 


MIL-STD-81  OB,  Method  516.  1,  Proc.  II. 
except  6  drops  from  20  ft. 


epth  of  3  ft  for  2  hours, 
'perating. 


MIL-STD  51013,  Method  512,  Proc.  I, 
immersion  before  and  after  vibration/ 
shock  testing. 


Remote  Equipments 
RLGM,  RMC,  COU 


Design 

Requirement 
(Spec.  Para.  3.  2.  5.  3) 

Test 

Requirement 
(Spec.  Para.  4.  2.  6.  4) 

+  125°F  plus  solar  radiation 
of  360  3TU/Hr/FT2  Oper¬ 
ating,  +  160°F  Non-Operating. 

MIL-STD-81 0B,  Method  501,  Proc.  II, 
Step  4  to  be  1  60°F  and  Step  7  to  be 

160°F  (this  includes  the  effects  of  solar 
radiation). 

-50°E  Operating,  -70,:>F 
-70°F  Non-Operating 

MIL-STD-81 0B,  Method  502,  Proc.  I, 

Step  2  to  be  -70°F  for  2  hours  mini¬ 
mum  after  stabilization  and  Step  4  to 
be  -50°F. 

10,000  ft  Operating 

40,000  ft  Non-Operating. 
Maximum  rate  of  change 

2500  ft/min. 

MIL-STD-81 0B,  Method  500,  Proc,  I, 

Step  2  to  be  40,  000  ft.  Rate  of  change 
shall  not  exceed  2500  4;250  ft/min. 

Prolonged  tropical  ex¬ 
posure.  Operating  end 
Non-Operating. 

MIL-STD-81 0B,  Method  507,  Proc.  Ill, 
Step  6  measurements  to  be  taken  in 
last  5  hours  of  last  cycle. 

Blowing  dust  partic  .es  with 
wind  speeds  of  1750  ft/min. 
Operating  and  Non-Operating. 

MIL-STD-81 0B,  Method  510,  Proc.  I. 

Salt-Sea  Atmosphere. 
Non-Operating. 

MIL-STD-81 0B,  Method  509,  Proc.  I, 
Operating  Configuration. 

No  fungus  nutrients. 
Non-Operating. 

MIL-STD-81  OB,  Method  508,  Proc.  I 

Field  transportation  by 
military  vehicles  and  rough 
handling.  Non-Operating. 

Bounce  MIL-STD-81 0B,  Method  514.  1, 
Proc.  XI,  Part  2.  Vibration  1.5  g's, 
5-200-5  Hz  cycle,  sweep  rate  12  min¬ 
utes,  5-1/2  hours  per  axis. 

Rough  handling,  26  drops 
from  4  ft. 

MIL-STD-810B,  Method  516.  1,  Proc.  II, 

(4  ft  drop). 

Heavy  precipitition  with 
intermittent  w  nd  operating. 

MIL-STD-81 0B,  Method  506,  Proc.  I, 
operated  in  last  10  minutes  of  30  minute 
period. 

At  a  depth  of  •  ft  for  2  hours. 
Non-Operatin  >. 

MIL-STD-810B,  Method  512,  Proc.  I, 
immersion  betore  and  after  vibration/ 
shock  testing. 
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15.6  ENVIRONMENTAL  TESTS 

Each  DGM  equipment  was  tested  in  accordance  with  the  requirements  of 
paragraph  4.2.6  and  Table  III  of  the  specification.  The  tests  performed, 
the  sequence  of  tests,  and  the  number  of  test  samples  to  be  used  are  described 
in  the  following  paragraphs,  quoted  from  MIL-STD-810. 

"Prior  to  conducting  any  environmental  condition  tests,  the  equipment  shall 
be  operated  under  the  following  conditions:  temperature  77°  +_ 5°F;  humidity  50 
5  fo ;  and  barometric  pressure  corrected  to  between  2b  and  32  inches  of  mercury. 
Data  will  be  recorded  to  provide  criteria  for  checking  satisfactory  performance 
during  and  at  the  conclusion  of  each  of  the  environmental  condition  tests  when  re¬ 
quired.  The  operational  tests  will  be  in  accordance  with  MIL-STD-810."  Figure 
15-37  is  the  proposed  environmental  test  schedule. 

"The  tests  have  been  sequenced  in  accordance  with  Table  III  (Test  Sequence 
for  Limited  Sample  Size)  of  TT-B1  -2202-0013.  Parallel  testing  has  been  utilized 
wherever  possible,  e.  g.  ,  combining  units  for  exposure  to  the  climatic  environ¬ 
ments,  to  achieve  the  most  efficient  use  of  personnel  and  facilities  within  the 
sequencing  constraints  of  Table  III  of  TT-B 1  -2202-00 13.  Two  of  each  unit  will 
be  used  for  these  tests.  A  larger  test  sample  size  may  be  used  depending  upon 
the  availability  of  EDM  equipments  at  the  start  of  the  PQT  program.  Also  a 
number  of  units  may  be  combined  for  exposure  to  the  climatic  environments  de¬ 
pendent  upon  program  and  test  schedules  at  the  time  of  test.  " 


15-96 


Figure  15-37.  Environmental  Test  Schedule 
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SECTION  16 
MAINTAINABILITY 


16.  1  GENERAL 

All  DGM  units  which  provide  communication  functions  share  essentially  a 

single  packaging  concept  consisting  of  a  power  supply  and  a  number  of  PCB 

a^  s -.v.bll .  h  in  each  unit.  These  units,  or  boxes,  have  requirements  for  M^  of 

15  minutes  or  less  and  M  of  30  minutes  (95th  percentile).  Units  which 

max  ct 

are  exempted  from  the  maintainability  requirement  either  do  not  provide  a  pri¬ 
mary  communication  function  (cable  orderwire  unit)  or  are  repaired  by  replace¬ 
ment  (High  Speed  Pulse  Restorer  and  Low  Speed  Pulse  Restorer). 

With  the  common  physical  packaging  and  built-in  fault  detection,  DGM  units 
falling  under  the  maintainability  requirement  have  essentially  the  same  MTTR  at 
the  organizational  level.  A  preliminary  maintainability  estimate  for  MTTR,  used 
here  synonymously  with  showed  that  DGM  units  furnished  by  Raytheon  would 

have  no  difficulty  in  meeting  the  Mct  requirement  of  15  minutes  maximum,  for 
fault  diagnosis,  repair,  and  checkout.  Administrative  delay  time  is  not  included 
when  determining  corrective  maintenance  time. 

16.2  SPECIAL  MAINTENANCE  FEATURES 

Raytheon's  designs  for  the  DGM  family  of  units  exceeded  the 
M  t  requirement  of  TT-B1-2202-0013,  by  a  significant  margin.  This  was  made 
possible  by  incorporating  those  maintainability  features  which  provide: 

•  Quick  means  of  detecting  and  isolatin'’  faults  to  the  replaceable 
assembly  level  and  using  LED  indicators  on  power  supply  assemblies  and  PCB 
as  semblies. 

•  Ease  of  access  to  all  replaceable  assemblies  in  units  located 
at  the  operating  site. 

•  Speed  of  assembly  interchange  and  checkout. 
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None  of  the  features  requires  special  skill  levels  to  implement  -  all  are 
well  within  the  capabilities  of  service  personnel  using  the  equipment  at  organiza¬ 
tional  level.  In  addition,  repairs  to  DGM  replaceable  assemblies  at  depot  or 
repair  locations  are  facilitated  by  the  test  points  and  fault  LEDs  on  assemblies 
which  require  troubleshooting. 

1 6.  3  MAINTAINABILITY  PROGRAM  TASKS 

The  maintainability  program  for  the  DGM  family  of  units  was  based  on 
MIL-STD-4"'1  as  required  by  paragraph  4.  1  of  the  DGM  SOW.  Program  tasks 
elements  which  were  included  are  as  follows: 

16.3.  1  MAINTAINABILITY  PROGRAM  PLAN 

This  was  submitted  as  CDRL  and  defines  the  maintainability  program  mile¬ 
stones  and  planned  activities  in  accordance  with  the  requirements  of  MIL-STD-470. 

16.  3.  2  DESIGN  REVIEWS 

Design  reviews  are  an  integral  part  of  EDL's  approach  to  equipment  design. 
They  provide  an  additional  program  vehicle  for  validation  of  equipment  design  prior 
to  the  production  phase.  The  Policies  and  Procedures  on  design  reviews  currently 
in  effect  at  EDL  will  be  followed  as  they  apply  to  the  appropriate  phases  of  design 
.’ctiv.ty. 

The  design  reviews  will  be  conducted  with  Raytheon  management  and  with 
the  procuring  agency  to  influence  the  design  decision-making  processes  at  an 
optimal  time  considering  dollar  and  schedule  impact.  Product  Assurance  person¬ 
nel  will  contr;bute  constructively  toward  design  improvement  in  reliability,  main¬ 
tainability,  and  maintenance  cost.  Published  minutes  of  meetings,  listing  recom¬ 
mendations  and  requirements  for  further  study  close  the  loop  on  the  design  review 
process. 

Review  of  design  plans,  engineering  drawings,  and  specifications  is  conduc¬ 
ted  to  insure  that  the  fault  monitoring,  ease  of  maintenance  safety,  test  equipment 
and  tool  guidelines  are  adhered  to  in  the  hardware  design  and  major  vendor  pur¬ 
chase  spec  ifications.  The  focus  of  this  effort  is  to  prevent  maintainability  design 
discrepancies  which  may  leaci  to  problems.  Design  tradeoffs  will  be  evaluated 
on  the  maintainability  merits.  Maintainability  information  will  be  inputted  to 
lormai  and  informal  design  reviews. 
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16.3.3  MAINTAINABILITY  ANALYSIS 

This  task  involves  allocation  of  quantitative  M  requirements  to  all  significant 
functional  levels  of  equipment  and  evaluation  of  the  degree  of  achievement  of  M. 
design  requirements.  Maintainability  predictions  and  periodic  updates  will  be 
performed  to  determine  that  the  evolving  design  conforms  to  allocated  maintaina¬ 
bility  values.  This  was  accomplished  by  compiling  all  the  basic  data  required 
in  making  a  prediction  for  each  DGM  unit.  The  basic  data  include  task  times  for 
fault  location,  fault  isolation,  LRU  access  and  removal,  replacement  and  check¬ 
out,  Also  included  are  effects  of  tools,  manpower  and  failure  rates  for  weighting 

repair  times  in  the  MTTR  computation.  Predictions  for  M  .  and  M  ,  were 

r  ct  max  ct 

also  computed.  Prediction  procedure  III  of  MIL-HDBK-472  was  applied. 

Preventive  maintenance  (PM)  procedures  were  defined  and  evaluated  against 
PM  requirements.  These  data  were  submitted  as  part  of  the  Maintainability 
Report,  CDRL  item  F009  through  F021,  less  F019* 

16.4  MAINTAINABILITY  DEMONSTRATION 

16.4.  1  MAINTAINABILITY  DEMONSTRATION  TEST  PLAN 

A  Maintainability  Demonstration  Test  Plan  was  written  in  accordance 
with  MIL-STD-471  Test  Method  1,  Plan  B  as  defined  per  paragraph  4.2.  9.  1  of 
specification  TT-B1  -2202-00  13  and  submitted  as  CDRL  F024. 

16.4.2  MAINTAINABILITY  DEMONSTRATION  TEST. 

Upon  approval  of  the  Maintainability  Demonstration  Test  Plan,  the  test  was 
conducted  in  accordance  with  MIL-STD-471  paragraph  4  and  with  the  approved 
plan  at  the  Equipment  Division  Laboratories. 

16.4.3  MAIN  fA INABILITY  DEMONSTRATION  TEST  REPORT 

At  the  completion  of  the  Maintainability  Demonstration  Test,  a  final  report 
was  written  and  submitted  as  CDRL  F005. 


v 
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SECTION  17 
NUCLEAR  DESIGN 

This  information  is  contained  in  the  Technical  Report  Final  Type-Nuclea 
CDRL  Seq.  No.  G001,  dated  13  February  1979.  The  Technical  Report  is 
classified. 
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SECTION  18 
EMI  DESIGN 


18.  1  SHIELDED  ENCLOSURE 

Each  unit  enclosure  is  designed  to  provide  80  dB  of  shielding  effective¬ 
ness.  This  provides  sufficient  attenuation  to  reduce  all  radiated  signals  to 
levels  below  the  MIL-STD-461A  limits.  The  details  of  these  enclosures  are  dis¬ 
cussed  below.  An  exploded  view  of  unit  frames  are  shown  in  Figure  18-1.  The 
basic  frame  is  dip  brazed  construction.  The  front  and  back  covers  are  sealed 
with  an  RF  gasket  (finger  stock,  see  Figure  18-2)  and  bolted  into  place.  All 
gasket  mating  surfaces  are  finished  with  irridite  to  prevent  corrosion,  but 
this  finish  has  not  degraded  the  shielding  effectiveness  as  the  gasket  bits  into 
the  frame  when  the  covers  are  secured. 

The  basic  unit  design  has  demonstrated  adequate  shielding  capability  for 
meeting  the  requirements  of  MIL-STD-461A  on  programs  such  as  TD-1065,  KG-27, 
and  TD-660. 

All  lights,  meters,  and  switches  are  shielded  to  insure  rf  tight 
enclosure  integrity.  Ail  cables  are  either  double  shielded  twin  coax 
or  RG-108  whose  outer  shield  will  be  terminated  in  360  degrees. 

1 8.  2  FILTER  SELECTION 

Each  unit  has  a  power  line  filter  with  a  3  dB  point  at  2.  8  KHz,  36  dB 
at  10  kHz,  and  80  dB  froi  v  50  kHz  and  beyond.  Based  upon  past  experience  on 
TD-660  and  TD-1065,  these  filters  insure  that  no  EMC  problems  will  occur 
when  tested  with  either  50  Hz  or  400  Hz  power. 

18.  3  RMC  AND  RLGM  EMI  DESIGN 

A  combination  case  is  used  to  package  the  RMC  and  RLGM  electronics  and 
is  designed  as  an  integral  electronics  chassis  and  equipment  case.  The  case  is 
an  aluminum  wraparound  with  extruded  front  and  rear  seal  interfaces  mating 
through  quick  release  la.ches  to  front  and  rear  energy  absorbing,  vacuum  foamed 
ABS-polycarbona te  covers. 
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Electronics  are  removable  from  the  front,  allowing  replacement  of  plug-in 
PCBs  and  power  supply  without  removing  the  unit  from  the  rack.  The  power 
supply  is  installed  from  the  front  with  the  aid  of  guide  rails  and  pins  engaging 
a  rear  mounted  connector.  All  operational  controls  are  located  on  the  front 
panel  of  the  supply  (see  Figure  18-1).  A  combination  EMI  and  environmental  gas¬ 
ket  is  provided  on  panels  and  covers.  The  units  are  designed  to  provide  80  dB 
of  shielding  at  20  MHz.  The  EMI/dust  seal  is  an  EMI  and  environmental  type 
gasket,  Instrument  Specialties  Company  "Sticky  Fingers". 

The  rear  mounting  plate  provides  all  I/O  connectors  and  a  cutout  to  allow 
the  power  supply  heat  sink  to  protrude  through.  MS  connectors  will  be  harnessed 
to  the  wire-wrap  plate  and  the  power  supply.  Access  to  the  rear  connectors  is 
not  required  during  unit  operation. 

Size  of  the  RMC  and  RLGM  will  be  8-1/2  x  12  inches,  compatible  to  19-inch 
rack  mount  width. 


The  power  line  filters  have  the  following  attenuation  characteristics: 


Frequency 
2.  8  kHz 
10  kHz 
50  kHz 


Insertion  Loss 
3  dB 
36  dB 
80  dB 


The  EMI  design  of  the  RMC  and  RLGM  is  similar  to  that  of  the  switchboard 
SB-3614-TT  which  successfully  met  the  requirements  of  MIL-STD-461A. 

1 8.  4  CABLE  SYSTEM  EMI 

Ninety  percent  of  all  the  energy  in  the  19  Mb/s  high  speed  restorer  and 
2.  304  Mb/s  low  speed  restorer  signals  are  contained  in  the  first  ten  (10)  harmonics. 
Therefore,  in  order  to  reproduce  these  signals,  the  first  ten  harmonics  must  be 
passed,  i.  e.  ,  for  the  high  speed  frequencies  up  to  200  Mb/s  and  23  MHz  for  the 
low  speed.  For  this  reason,  Raytheon's  design  used  output  filters  which 
have  a  3  dB  point  at  200  MHz  for  the  high  speed  restorer  and  30  MHz  for 
the  low  speed  restorer. 
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The  Fourier  spectrum  of  the  waveshape  associated  with  the  high  and  low 
speed  restorers  is  shown  in  Figure  18-3.  The  expected  emission  levels,  with 
the  filter  insertion  loss  characteristics  included,  are  compared  to  the  MIL-STD- 
461A,  Notice  4,  limit  as  shown  in  Figures  18-4  and  18-5.  The  shaded  area  is  the 
expected  shielding  effectiveness  of  the  cable  shield.  The  space  loss  is  subtracted 
from  this  level,  then  the  field  intensity  at  one  meter  is  defined.  The  space  loss 
has  been  determined  through  past  test  experience. 

Past  experience  (TD-206)  has  demonstrated  that  the  GFE  cables  associated 
with  the  pulse  restorers,  CX- 11230,  do  not  have  sufficient  shielding  to  meet  the 
requirements  of  MIL-STD-46 1A,  Notice  4, 


Speed 


“/A  ^//ap 
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igure  18-4.  L ow  Speed  Fourier  Spectrum 
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SECTION  19 
BITE  CARD 

The  Bite  card  is  used  by  each  of  the  DGM  units  to  locate  faults  internal  to 
the  unit,  to  detect  the  loss  of  signal  from  the  CX- 11230  cable  and  to  provide  the 
appropriate  alarm  activating  signals.  Internal  faults  are  isolated  to  the  card 
or  replaceable  module  level.  The  card  functions  are  adapted  for  each  of  the 
five  units  by  addressing  a  stored  program.  All  the  programs  are  stored  in  one 
onboard  512  x  8  bit  PROM.  The  appropriate  unit  program  is  addressed  by  hard 
wiring  a  three  bit  code  on  the  Bite  connector  of  the  unit. 

The  program  for  each  unit  is  64  words  long.  This  is  enough  to  accommo¬ 
date  the  requirements  of  the  most  complex  unit,  the  MGM,  which  at  present 
requires  at  least  48  words,  for  the  24  cards  to  be  monitored  for  faults.  This 
excludes  the  Bite  card  which  has  its  own  internal  fault  monitoring  circuit. 

The  Bite  card  enables  the  following  indicators  in  various  combinations  de¬ 
pending  on  the  type  of  fault. 

a.  Summary  fault  lamp  (unit  front  panel) 

b.  Individual  card  LED 

c.  Loss  of  unit  input  LED  on  the  Bite  card 

d.  Relay  contacts  S,  SA  and  LS  which  are  made  available 
external  to  the  unit  through  a  connector. 

A  block  diagram  of  the  Bite  card  is  shewn  in  Figure  19-1.  Signals  to  be 
processed  are  carried  on  an  eight  line  buss.  An  address  line  is  provided  to  select 
the  card  to  be  tested.  A  card  vinder  test  can  route  both  fault  monitoring  points 
and  unit  input  signals  to  the  Bite  card.  A  card  fault  is  stored  in  a  latch  if  an 
input  signal  is  missing  or  there  is  a  loss  of  signal  at  the  fault  monitoring  point. 
When  a  fault  is  detected  the  summary  fault  lamp  is  enabled  and  the  appropriate 
relay  contacts  are  activated  after  a  one  second  delay.  The  LED  enable  line  is 
activated  for  the  card  with  the  fault,  and  if  the  fault  is  due  to  a  missing  input,  an 
LED  on  the  Bite  card  is  also  activated.  The  faults  are  priority  encoded  on  the 
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basis  of  an  address  assigned  to  the  card.  Address  1  has  the  highest  priority 
with  the  following  addresses  having  successively  lower  priority  down  to  Address 
24. 

Timing  for  the  Bite  circuit  is  independent  of  the  unit  timing.  A  256  Hz 
clock  is  generated  using  a  multivibrator.  The  256  Hz  is  counted  down  in  a  mod-8 
counter.  The  output  of  the  mod-8  counter  is  decoded.  Two  outputs  of  the  decoder 
are  combined  to  form  a  64  Hz  clock.  The  64  Hz  clock  is  applied  to  the  mod-64 
counter  which  addresses  the  PROM.  The  PROM  is  addressed  twice  at  the  start 
of  the  dwell  time  of  each  card  under  test.  TIPs  is  because  it  takes  two  words 
out  of  the  PROM  to  set  up  the  processing  conditions  for  each  card.  The  first 
word  out  of  PROM  is  loaded  into  an  eight  bit  latch.  This  word  enables  the  address 
lines.  The  second  word  out  of  the  PROM  directly  enables  the  signal  input  proces¬ 
sing  circuits.  The  mod-64  counter  counts  down  the  64  Hz  to  1  Hz.  The  1  Hz 
clock  is  used  to  implement  a  one  second  timer.  The  dwell  time  at  each  card  is 
31.25  milliseconds  and  the  Bite  cycle  time  is  1  second.  The  1  second  clock  is 
further  counted  down  to  produce  a  pulse  which  repeats  at  a  4  second  rate. 

19.  1  INPUT  SIGNAL  PROCESSING 

There  are  four  signal  processing  options  which  are  made  up  of  combina¬ 
tions  of  activity  detectors  and  direct  inputs.  The  activity  detectors  can  monitor 
activity  of  signals  ranging  from  18  MHz  to  100  Hz.  On  a  direct  input  a  "1"  on 
the  buss  is  "no  fault"  and  a  "0"  is  a  "fault".  Direct  inputs  on  buss  inputs  will 
latch  to  the  fault  condition  if  the  signal  goes  to  a  "0"  during  the  dwell  time. 

These  inputs  can  be  used  to  detect  the  out-of-lock  condition  of  a  phase-locked-loop. 

The  desired  signal  processing  combinations  are  obtained  by  programming 
the  detectors  of  lines  5,  6,  7,  and  8  to  accept  either  active  signals  or  direct 
inputs.  Buss  lines  one  through  four  are  always  connected  to  activity  detectors. 
These  detectors  can  be  inhibited  by  programming  the  BB  ENBL  line  out  of  the 
PROM  to  a  "0"  if  a  four  bit  buss  line  is  desired.  The  PROM  bits  which  select 
the  combinations  are  IP1  and  IP2, 

With  the  combinations  available  the  number  of  active  buss  lines  can  be  pro¬ 
grammed  from  one  to  eight.  For  example,  for  a  one  line  buss,  BB  INHBT  is  set 
to  0"  and  IP1  and  IP2  are  set  to  01  respectively,  thereby  making  BB5  the  only 
active  input.  BB6,  BB7  and  BB8  operate  rs  if  dc  inputs  are  present. 
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19.2  UNIT  INPUT  SIGNALS 

Unit  input  signals  are  applied  singularly  or  in  pairs  to  detectors  five  and 
six  and  only  in  pairs  to  seven  and  eight.  The  signal  from  the  CX- 11230  cable 
is  routed  to  the  Bite  card  on  line  seven.  Buss  input  seven  has  an  additional 
detector  enabled  by  the  LSENBL  from  the  PROM. 

A  loss  of  i^put  is  treated  like  any  other  fault  except  that  the  LOI  LED  on 
Bite  card  is  also  enabled.  Loss  of  cable  signal  enables  the  LS  rlarm  and  inhibits 
the  SA  alarm.  On  cards  which  do  not  have  unit  inputs,  detectors  five  through 
eight  can  be  used  to  monitor  circuit  faults. 

19.3  BOARD  IDENTIFICATION 

Cards  within  a  unit  are  identified  as  either  common  or  group  gards  in 
order  to  program  the  BRD  ID  bit.  When  a  group  card  is  removed  from  the  unit 
or  when  it  is  idle  the  Bite  should  not  go  into  alarm.  To  make  this  happen  a  "0" 
must  be  on  buss  line  eight  and  the  BRD  ID  but  must  be  a  "1",  The  BRD  ID  bit 
for  a  common  card  is  a  "0".  When  it  is  removed  from  the  unit  the  Bite  will  alarm. 

19.4  SPECIAL  SIGNALS 

Units  which  have  framing  circuits  as  in  the  MGM  and  TGM  should  apply  the 
out  of  sync  indicator  to  line  six.  The  sync  detector  output  is  applied  to  a  storage 
register  which  is  enabled  by  SYNC  ENBL  from  the  PROM.  If  an  out  of  sync  is 
detected  the  S  faults  to  the  SA  alarm  are  inhibited. 

There  are  signals  in  the  MGM  and  TGM  units  which  are  detected  on  the 
group  card  but  must  signal  a  failure  on  a  common  card  if  the  signal  is  missing 
and  the  group  is  in  use.  These  signals  are  applied  to  detectors  one  and  two. 

Two  separate  storage  registers  on  the  outputs  of  the  detectors  are  activated  by 
programming  the  GRP  S1G  ENBL  to  a  one.  The  status  of  the  signals  are  stored 
as  the  BITE  sequences  through  the  group  cards.  After  the  last  group  card  is 
checked,  an  address  line  is  enabled  and  the  contents  of  the  group  signal  status 
registers  are  transferred  to  the  register  which  stores  the  common  card  fault. 

The  common  card  address  is  applied  to  the  group  signal  status  registers  by 
wiring  an  ADD  line  to  ADD-A,  ADD-B  and  ADD-C,  ADD-A  and  ADD-B  inputs 
are  OR’d,  This  makes  it  possible  to  check  the  group  status  register  twice  within 
the  Bite  sequence  and  have  the  contents  transferred  to  ADD-A  and  then  to  ADD-B. 
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The  following  separate  inputs  are  provided.  In  each  case  a  "1"  is  "no 
fault"  and  a  "0"  is  a  "fault". 

a.  TGM  TEMPEST  Module  Fault  (TGM  TPST  MOD) 

b.  Power  Supply  Out  of  Tolerance  (PWR  SPL  TOL) 

c.  Alarm  Test  (ALRM  TST) 

The  ALRM  TEST  enables  the  S,  SA  and  LS  alarms. 
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Specification 

Number 

Description 

Manufacturer's 
Part  Number 

SM-A-876190 

Quad  2  Input  NOR 

54LS02 

SM-A-876191 

Triple  3  Input  NOR 

54LS27 

SM-A-87bl92 

Triple  3  Input  AND 

54LS11 

SM-A-876193 

Quad  2  Input  Excl  OR 

54LS86 

SM-A-876194 

2  Wide  2  Input  AND/OR  Invert 

54LS51 

SM-A-876195 

Quad  2  Input  NAND 

54LS37 

SM-A-876196 

Dual  4  Input  Positive  NAND  Buffer 

54S40 

SM-A-87bl97 

Quad  2  Input  OR 

5428 

SM-A~87bl98 

Dual  D  Flip-Flop 

54LS74 

SM-A-87bl99 

6  Bit  Register  Common  Clear 

54LS174 

SM-A-87b200 

Quad  D  Flip-Flop 

54LS175 

SM-A-87b201 

Dual  J-K  Flip-Flop 

54LS112 

SM-A-87b203 

3  to  8  Line  Decoder 

54LS138 

SM-A-87b204 

8  Input  Multiplexer 

54LS251 

SM-A-87b205 

8  Bit  Data  Selector 

54LS151 

SM-A-87b206 

8  Input  Multiplexer 

54S151 

SM-A-87b207 

Dual  4  Input  Multiplexer 

54LS153 

SM-A-87b209 

Quad  2  Input  Data  Selector/Mux 

54LS158 

SM-A-87b210 

8  Input  Multiplexer 

54S251 

SM-A-874211 

Quad  2  Input  Data  Selector/Mux 

54S158 

SM-A-876212 

4  Bit  Shift  Register 

54LS194 

SM-A-876213 

4  Bit  Shift  Register 

54S195 

APPENDIX  A 
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Specification 

Number 

Description 

Manufacturer's 
Part  Number 

SM-A-876214 

4  Bit  Shift  Register 

54LS195 

SM-A-876215 

8  Bit  Parallel  Out  Shift  Register 

54LS164 

SM-A-876219 

Quad  Set-Reset  Latch 

54LS279 

SM-A-87b220 

4  Bit  Comparator 

54LS85 

SM-A-876222 

4  Bit  Sync  Up/Down  Counter 

54LS191 

SM-A-876223 

Sync  Binary  Counter 

54LS163 

SM-A-876226 

4  Bit  Counter 

54LS293 

SM-A-876227 

16  Bit  Shift  Register 

54LS170 

SM-A-876228 

Line  Driver 

55109 

SM-A-376231 

25b  X  4  RAM 

93L422DM 

SM-A-876232 

1024  X  1  RAM 

93L425 

SM-A-876233 

512  X  8  Bit  Bipolar  Prom 

5341-1 

SM-A-876234 

lb  X  4  FIFO 

9403 

SM-A-87623b 

Linear  Differential  Video  Amp 

733 

SM-A-87b237 

4  Bit  Bipolar  Microprocessor 

AMD2901 

SM-A-876238 

Bipolar  Microprocessor  Sequencer 

AMD2909 

SM-A-876273 

Priority  Encoder 

9318 

SM-A-876282 

Dual  Comparator 

52514 

SM-A-876285 

Quad  2  Input  OR 

54LS32 

SM-A-87b286 

Sync  4  Bit  Up/Down  Counter 

54LS193 

SM-A-876287 

Quad  2  Input  AND 

5408 

SM-A-876288 

Dual  Voltage  Controlled  Multivibrator 

MC4324 

SM-A-87b289 

Digital  to  Analog  Converter 

MCI 508 

SM-A-376290 

Analog  to  Digital  Control  Circuit 

MS  1507 

A-2 
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Specification 

Number 

Description 

Manufacturer's 
Part  Number 

SM-A-876295 

8  Bit  Priority  Encoder 

4532 

SM-A-876300 

Dual  4  to  1  Line  Multiplexer 

54S153 

SM-A-876301 

Quad  2  Input  AND 

54LS08 

SM-A-876365 

4  Bit  Sync  Binary  Counter 

54LS161 

SM-A-876389 

8  Bit  Multiple  Port  Register 

9338 

SM-A-876390 

3  to  8  Line  Decoder 

54S138 

SM-A-876398 

Sync  4  Bit  Binary  Counter 

93S16 

SM-A-876399 

4  Bit  Binary  Full  Adder 

54LS283 

SM-A-8843S9 

Quad  2  Input  NAND 

54500 

SM-A-884402 

Hex  1  Input  Inverter 

54S04 

SM-A-884494 

Quad  2  Input  NOR 

54502 

SM-A-884405 

Dual  D  Type  Flip-Flop 

54574 

SM-A-884407 

Quad  D  Type  Flip-Flop 

54S175 

SM-A-884422 

Triple  3  Input  Positive  AND  Gate 

54S 11 

SM-A-876843 

Dual  J-K  Flip-Flop 

54S112 

SM-A-876870 

Voltage  Comparator 

AM1500 

SM-A-876873 

CMOS  J-K  Type  Flip-Flop 

4027 

SM-A-876874 

CMOS  D  Type  Flip-Flop 

4013 

SM-A-876876 

CMOS  Dual  4  Bit  Up  Counter 

4520 

SM-A-876877 

CMOS  Up/Down  Counter 

4029 

SM-A-876878 

CMOS  Hex  Buffer 

4050 

SM-A-876878 

CMOS  Quad  2  Input  OR 

4071 

SM-A-876880 

CMOS  2  Input  NAND 

4011 

SM-A-876881 

CMOS  BCD  to  Decimal  Decoder 

4028 
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Specification 
Number _ _ 

SM-A-876882 
SM-A-876885 
SM-A-876887 
SM -A-876889 
6M-A-876890 
SM-A-376891 


Description 

Manufacturer's 
Part  Number 

CMOS  Quad  2  Input  AND 

4081 

CMOS  Triple  3  Input  AND 

4073 

CMOS  Dual  4  Input  NAND 

4012 

CMOS  Quad  AND/OR  Select 

4019 

CMOS  Triple  3  Input  NAND 

4023 

CMOS  12  Stage  Ripple  Carry  Binary  Counter 
Divider 

4040 

SM-A-376897  CMOS  Dual  4  Input  OR  4027 

SM-A-876898  CMOS,  8  Bit  Addressable  Latch  4724 

SM-A-376899  CMOS  Quad  Exclusive  OR  4070 

SM-A-S76900  CMOS  Hex  D  Type  Flip-Flop  40174 

SM-A-876901  CMOS  8  Channel  Data  Selector  4512 

SM-A-376905  Dual  J-K  Flip-Flop  54LS112 

3M-A-S76906  Op  Amp  LM118 

SM-A-370907  CMOS,  Binary  Counter  40161 

SM-A-876908  CMOS  Hex  Inverter,  Buffer  4049 

SM-A-876909  CMOS  Hex  Inverter  4069 

SM-A- 876921  CMOS  Dual  2  Wide,  2  Input  AND/OR  Invert 

Gate  4085 

SM-A-876923  CMOS  3  State  Hex  Buffer  40097 

SM-A-87o924  CMOS  Inverting  Buffer  40098 

SM-A-338046  Hex  Inverter  54LS04 

SM-A-838048  Dual  D  Type  Flip-Flop  54LS74 

SM-A-838055  8  Input  NAND  Gate  54LS10 

Quad  D  Type  Flip-Flop 


SM-A-338061 


54LS175 
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Specification 

Number 

Description 

Manufacturer's 
Part  Number 

SM-A-838074 

Quad  2  to  1  Data  Selector 

54LS157 

SM-A-838084 

Sync  Up/Down  Counter 

54LS191 

SM-A-838086 

Dual  Op  Amp 

747 

SM-A-838096 

Quad  Line  Driver 

2616 

SM-A-838128 

Hex  Inverter 

54S04 

SM-A-838129 

Quad  2  Input  NAND 

54S00 

SM-A-838134 

Quad  D  Type  Flip-Flop 

54S74 

SM-A-838186 

Analog  Mux /Demux 

4053 

SM-A-838261 

Operational  Amplifier 

LH0002 

SM-A-838905 

Dual  J-K  Flip-Flop 

54LS112 

SM-D-780174 

Phase  Locked  Loop 

4046 

M38510/300C1 

BCB 

Quad  2  Input  NAND 

54LS00 

M38510/30003 

BCB 

Hex  Inverter 

54LS04 

M38510/30005 

BCB 

Triple  3  Input  NAND 

54LS10 

M38510/30007 

BCB 

Dual  4  Input  NAND 

54LS20 

M38510/30009 

BCB 

8  Input  NAND 

54LS30 

M38510/00302 

BCB 

Quad  2  Input  NAND 

5437 

M38510/10102 

BCB 

Dual  Operational  Amplifier 

747 

M38510/I0401 

BCB 

Line  Receiver 

55109 

M38510/30203 

BCB 

Quad  2  Input  NAND 

54LS38 

A-5 


